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ORSORT students use indium foils to study diffusion of neutrons from Po-Be source in base of graph- 
Three-hundredth reactor engineering student will enter this school shortly (page 76) 
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For special high vacuum pumping problems 
CVC now offers a new line of all-metal 
mercury diffusion pumps 


P’ RHAPS In a system where organic pump 


fluids are undesirable you want to create 
a vacuum on the order of 10-7 mm Hg. Or, 
your work involves large amounts of mer- 
cury. Or, it is necessary to Operate against 
forepressures which are not generally in the 
oil pump range 
To meet these needs, CVC offers a broad 
range of metal and glass mercury vapor 
pumps. The all-metal series includes 8 stand- 
ard pumps ranging up to 32” in diameter. 
Glass pumps are available with slower 
pumping speeds but capable of operating 
against forepressure as high as 10 mm Hg. 
The pump illustrated is the CVC all-metal 
mercury vapor pump, Model MHG-300. 


Six inches in diameter, it has a range of 





10-7 ro 10-- mm Hg—pumps 400 liters per 
second, and has a limiting forepressure as 
high as 0.5 mm Hg. 

For complete information on CVC mer- 
cury vapor pumps, write to Consolidated 
Vacuum Corporation, Rochester 3, N. Y. 
A subsidiary of Consolidated Engineering 
Corporation, Pasadena, Calif.) Sales offices: 
Palo Alto, Calif. « Chicago, Ill. ¢ Camden, 


N.J. ¢ New York, N. Y. 
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100% a NEw! 
Automatic 4 Super-Efficient 
Oil-Sealing r q Kinney-Swirl 
System | Oil Separator 





Performance — “7 iV F NEw ! 
High Pumping " ; Mechanical 
Speed ' — - Re” Shaft Seal 
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SPEED IN 





PUMPING 
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® i mm , 
at thin VACUUUNU pup re 
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It's Kinney Model VSM 556... 13 cubic feet of free [" oa an ea Gee een on 


KINNEY MFG. wivision 
THE NEW YORK AIR BRAKE ~—{h} 

3614 WASHINGTON STREET * BOSTON 30 © MASS. 
Please send Bulletin V-51B describing the 


complete line of Kinney Vacuum Pumps. 


Please have your vacuum engineer call at 
our plant. 


air displacement. Model VSM 556 is now serving in 





many of the nation’s foremost vacuum processing sys- 
tems. Look at its outstanding features — and at its 
high pumping speed. Check your own vaccum require- 
ments . . . and then come to Kinney for the most 
vacuum pump for your money. Send coupon for 
pump Y Y P Name 
complete details. 
Company 
Address 


State 
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WESTON all-metal THERMOMETERS 


(with Multiple Helix*) 


Here’s another typical example of how large processing plants have 
solved temperature checking problems, and cut thermometer costs 
besides. With a WESTON dial-type thermometer at every checkpoint, 
temperatures are read at a glance .. . in far less time, and with far 
greater accuracy. Their sturdy all-metal construction resists breakage, 
gives them far longer life on operating equipment. And the exclusive 
WESTON multiple helix employed assures dependable accuracy during 
all this long life. 








Available in a broad selection of types, sizes, ranges and stem lengths, 
WESTON thermometers are today standard on all types of mobile and 
stationary equipment and machines, large and small; as well as on 
piping, conduit, ducts, etc. Ask your distributor, or local WESTON rep- 
resentative for complete information, or write for descriptive bulletin 

. WESTON Electrical Instrument Corporation, 614 Frelinghuysen 
Avenue, Newark 5, New Jersey. 

* This WESTON-made sens- 


ing element is the more 
costly, non-sagging, multi- 


ple-helix. Carefully aged 
over a broad temperature 
range for long periods, it 


assures better accuracy, 
over a longer life. 
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We Proudly Present 


A NEW ANALOG COMPUTER 

A NEW LOW IN PRICE 

A NEW HIGH IN QUALITY 

A NEW ADVANCE IN ACCURACY 





[TPE 16-31 R 


OMPUTER 


Twenty Operational Amplifiers @ Four Servo Multipliers 
@ Removable Metal Patch Panel @ Controlled Network easy to operate, you can obtain accurate answers to your 
Environment ®@ Six Diode Limiters @ Two Function complex engineering problems quickly and conveniently. 
Requests for detailed information will receive prompt 





With this highly reliable computer, which is efficient and 


Relays @ Thirty Two Attenuators @ Electronically 
Regulated Power Supplies @ Provisions for Future Expansion attention. 
WRITE DEPT. _ N 


ciecraonic ELECTRONIC ASSOCIATES INC 


Pet ielar tas) 
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APPLICATIONS FOR ENGINEERING POSITIONS ARE WELCOAEG 


AEC Laboratory 
is Health-monitored 


with AIR-EQUIVALENT 
G-E lonization Chambers 


Because they are air-equivalent, and therefore easily 
adaptable to dose-rate measurement, General Electrie 
ionization chambers are being used by the Knolls Atomic 
Power Laboratory, Schenectady, New York, as a means 
of in-plant as well as environmental radiation health 


monitoring. 


PROVIDES CONTINUOUS RECORD 

The G-E air-equivalent ionization chambers, used in 
conjunction with amplifiers and recorders, provide the 
Health Physics personnel at KAPL with a permanent log, 
in addition to a continuous indication, of plant radiation 
levels. Daily checks of the equipment provide an accurate 
indication of radiation concentration, and therefore, the 
exposure of personnel to excessive radiation may be 


avoided. 


WIDE APPLICATION 

In addition to radiation monitoring in AEC plants, such 
as the Knolls Atomic Power Laboratory, the General 
Electric device is also ideal for monitoring x-ray instal- 
lations, for civil-defense radiation detection, and for 
monitoring in industrial laboratories and plants which 
handle radioactive isotopes. 

The G-E air-equivalent ionization chamber is priced at 
$73.32.* For futher information, contact vour nearest 
Apparatus Sales Office or write for Bulletin GEC-828 to: 
Section 605-61, General Electric Co., Schenectady, N.Y. 


*Monufocturer’s suggested retail price. 


GAMMA MODEL measures gamma rays and x-rays. A similar 
model chamber will detect beta, gamma, and x rays, but will 


not distinguish the beta rays from the gamma and xX rays, 





CONTINUOUS INDICATION and a permanent log of area radiation 


levels are easily provided by the General Electric air-equivalent ioniza- 


tion chamber, an amplifier, and a photoelectric recorder. 


GENERAL @@ ELECTRIC 
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Jerome D. Luntz, Editor 


An International Agency 


| jenn =, MATERIALS AND KNOWHOW in the atomic 
energy field are expensive and/or scarce 
Nuclear reactors, particle accelerators, uranium 

these are the wherewithal of any major nuclear 
esearch effort 


Countries that have been immersed in the 

omic energy field since World War II days 
don’t suffer any serious lack of these things 
Others, handicapped Ih one way or another, are 
just barely scratching the surface of this field 

Thus any plan to overcome these limitations 
vould be welcomed by scientists and engineers 
throughout the world. This is one important 
ight in which to examine the proposal made 
before the UN by President Eisenhower that an 

ternational peaceful atomic energy laboratory 
De set up. 

Substantial precedent already exists for such 
an agency. First, there is the twelve-nation 
European Organization for Nuclear Research, 
Which began functioning last year. Its work 
\ he centered around very sizable particle 
iecelerators, too expensive for most of its indi- 
Then there is the Joint Nor- 
wegian-Dutch Establishment for Nuclear Energy 


idual members. 


Research whose activities revolve around a 


nuclear reactor. Here one nation contributed 


the uranium and the other the heavy water. 


B' f NO INTERNATIONAL ORGANIZATION exists On 
inv large scale where both reactors and ac- 
celerators are involved. It appears that fission- 
able material would be an important part of the 


He said: 


plan put forth by the President. 
fissionable material would be allocated 

serve the peaceful pursuits of mankind. 
experts would be mobilized to apply atomic 

gy to the needs of agriculture, medicine and 

her pe aceful activities. \ special purpose 

uuld be to provide abundant electrical energy 


the power-starved areas of the world.” 


Past history on attempts to set up control 
plans for international use of fissionable material 
does not augur well for the success of this new 
plat But this need not be the case. Previous 
plans have been directly related to weapons and, 
of necessity, have called for control of all the 
world’s fissionable material. The Eisenhower 
plan is different. It does not and need not relate 
to weapons 


\lthough we feel it may enhance ultimate 











chances for atomic weapons control, it can stand 
on its own feet as a means for pooling world 


efforts on the peaceful aspects of atomic energy 


Atomic energy Was born of international 
efforts Many countries around the world are 


now working hard in the field. Some nations are 


more handicapped than others. True inter- 
national efforts on peaceful atomic energy would 
be a living demonstration around the world that 


the atom is a symbol of life rather than death 


O* OF THE PRINCIPAL OBSTACLES to the suc- 
cess of the plan is the secrecy that  sur- 
The ULS 


relaxing 


rounds data on fissionable material. 


has already taken vreut strides on 


classification of reactor technology Perhaps 
the greatest proof of the sincerity of this nation 
and our collaborators on declassification eng- 
land and Canada —would be the releasing of 
reactor information not related to plants solely 
useful in the production of fissionable material 
If this were done, the international agency 
could then operate a laboratory quite similar in 
scope if not seale to Brookhaven National Labor- 
atory. Brookhaven today is almost entirely an 
unclassified facility, including much of its 30- 
megawatt nuclear reactor and, of course, all of 
its multi-Bey Cosmotron. It is a Mecca for 
scientists from all over this nation and from 
physicists, chemists, 


Much of what Mr. 


Kisenhower has proposed is already being done at 


many parts of the world 


biologists, doctors, ete. 


Brookhaven. 

In helping power-starved areas of the world, an 
international laboratory could use its stock of 
fissionable material to advance the art of reactor 
technology. Representatives of all member 
nations would be free to take back with them 
any of the technology developed in the labora- 
tory, but possibly not any fissionable material 
\ctually it is this technology that is scarce in 
some countries rather than source materials, a 
fact which means that these countries would one 
day be building power reactors anyway. 

In all of the above, we take for granted that 
the Administration will press implementation of 
the U 
dation that the nuclear power field be open to 
full industrial This 
further evidence of this country’s faith in the 


8. Atomic Energy Commission’s recommen- 
would be 


participation. 


peacetime potential of nuclear energy. 
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vy 
FIG. 1. Side view of four-rod reactor showing how 
uniform movement of control rods affects vertical flux 
distribution 
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FIG. 2. Top view of four-rod reactor showing how 
vertical nonuniform movement of control rods affects 
horizontal flux distribution 


Reactor Power Calibration 


* Neutron detectors must be calibrated to provide indication of reactor power 


* But variables in calibration and operation make continuous absolute output power 


determination almost impossible 


* Thermal measurements look like the best approach to power reactor control 


By M. A. SCHULTZ and J. C. 
Atomic Power Divisior 
Westinghouse Electric 
Pittsburgh, Pennsyl 


CONNOR - article 


mit the 
aetectors tor 


. The 
actually 
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useluiness ol ors 0 pl ( rencto er 


continuous powe relation between the 


surement oped and the po 


means are available for contin- mn detectors or t mensure- 


measuring average flux. First s determined b ration 
detectors mav be 


thi 


urge numbet 
REGULATION of reactor 


requires continuous knovy 


oughout the core 


Methods of Calibration 


rage taken of their readings hree basic types ol er calibra- 


absolute power developed involves placing : ion are available <urements 


Power level of a reacto sufficiently far from the core ;: ow power levels 


assumed to be proportional to nur that the core ¢ 
of 


power level is usually detern 


in be considered a poit 


ber neutrons in its neutrons and local net 


Variations within the core \ 
measuring the average nificant 


However, difficulties diseu 
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ibration method, experimentally trou- 


blesome but capable of yielding reason- 


able accuracy in a thermal reactor, 
involves determining average thermal 
neutron flux by irradiating foils at var- 


ious locations in the core for a known 
length of time and measuring the ac- 
tivity the 1). The 
power, P developed within the core is 
given by th 


induced in foils 


e product of the number of 


fissions occurring per second, and Q, 
the energy release per fission (Q 3.2 
10~'!' watt, fission/ see 

r nv,Q l 
where s the number of thermal neu- 
trons the core, v is their velocity in 
em, sec, and Yy is the macroscopic cross 
section for fission (calculated for the 
parth i reactor) The usual in- 
diut idmium foil counting techniques 
determine only that portion ol the neu- 
tre flux below an energy of 0.6 ev; 
however, the average thermal flux can 


this 
all 


complicated, a large number of meas- 


be measured within 


method 


to 10% 
If the core structure is at 


by 


urements are required to determine 


average core flux. Access to the core 


for removal and insertion of foils must 
be possible. 


Direct 
method of 


energy measurements. A 
that 
does not require a highly accessible core 


low-level calibration 


involves bringing the reactor to exact 
criticality, inserting a neutron source of 


plotting the 


and 


Vol. 12, No. 2 - February, 1954 


strength, 


known 


neutron instruments as a function of 


time. By solving the pile kinetic equa- 
tions (subject to the proper boundary 
shown that the 


rate of change of neutrons with time 


conditions) it can be 


after an initial transient, and conse- 
quently the rate of powel increase, is 
linear and proportional to the source 


strength, S. In units of n/see 


dn 
S AK (2) 
at 


where the constant 


1.25 


104 


for a graphite-moderated reactor, 1* is 
— 10 


neutrons 


the mean neutron lifetime 
8; is the fraction of 
emitted the ith 
emitter, and A, is the decay constant of 


SCC), 
fission 
neutron 


by delaved 


the ith delayed neutron emitter. 
Thus 
dn S , 
nee SSS ae $xi0-s G 
dt 1.25 x 10% 


The expression for dn/dt may be in- 
tegrated, giving 
n=No +S 107~°St (4) 


is the 
0 after the initial transient is 


where no 
time ¢ 
past and the reactor is rising linearly 


neutron density at a 


with time. If 7 is the time required 


measuring instrument to double 


1O-3S a a 


n s 


It can also be shown that eX, in kq. 1 is 
f | 


equal to 1/el*, where € is the number of 
neutrons per fission. The final expres- 
sion for reactor power tor the graphite 
reactor by this method would be 
nQ 8 <x 10 ¢°ST 
P = 6 


)* 


€/ € 


The accuracy of power calibration 
measurements made in this manner de- 
pend upon the validity of the assump- 
tions made in the derivation, the power 
level at 


made, and the strength and ealibration 


which the measurements are 
accuracy of the neutron source 
Thermal measurements. ‘The 


culties in obtaining a power calibration 


dithi- 


at low levels largely disappear at high 
powers where the reactor is developing 
heat to 
measurements. Intercomparison data 


suflicient allow calorimetric 


is obtained between overlapping low- 
and high-level neutron instrumentation 
at some convenient set of power points. 
The high-power instruments can be cal- 
ibrated at a given reactor powe! output 
by measuring coolant flow and tem- 
perature rise across the core. Power is 
proportional to the product of these 
two variables. Having obtained a cal- 
ibration of the high-level instruments, 
the low-level detectors can be inter- 
The 


calibrations made in this manner 


calibrated. accuracy of power 


nay 


9 








an Vv measuring instrument ‘ ! ix d bution s 
rument 
Flux, Temperature Problems 
Having once established th 
tion of an instrument 
this calibrat 
operating 
bration of 
detector, the therma 


the detector location 1 ( Ira rve C shows the 
tion of power onl il flux distribution present 
Energy variations. ( d ita uniform height. ¢ 
response of a particular trumer w the flux distributi 
concerned, the reactor ma f | toward a detector located on 


as a neutron source surrou ( I I ( itv changes 











attenuating medium The neut nsated by withdrawing rods 

i on betwee } ‘ P } ? | ren = - as 
tenuation between the ind 4 remain at FIG. 5. Relative gamma flux vs distance 
particular point im the st ! eigl No detector location ex lor from reactor. Time is constant. Flux at 
ture depends upon distance, the ( or of the design shown tha reactor is taken as 1,090 in each case 
tering and absorption cros ns of é » some neutron-detector 


the shielding materials 





lenl osarrangement — of 
structure 
Further. since aire 
ape ni gammy media Vv elect Planning 
In neutron energy distribution ; ; | a ee 


sult in flux variations at the ete I i tes may be ext 





even i the neutron en a t ( | ab he simultaneou 
mains constant. The reason t of man ier Variables. a 
that the absorption cross ( ns ot the } vill be discussed later 

shielding material are funet <0 l ea of the order of magnituct 


tron energy. | ) changes because 


Distribution variations. dinat n ilone mav be 








a reactor cannot be considere f EK 2 This reactor 





point source of neutrons unles ! ntrol rods equally spac 
FIG. 6. Gamma decay after shutdown. 


Curve is for a point at a particular distance 
from reactor 


distribution as a funetion of pos ! from the center of the core 

the core remains constant f 

ing conditions. A control rod 1 1 particul instrumen 
ment causes a change in neut? flux | source level counting 
distribution within the eore I ictor subcritical and 

be necessary or desirable t I ! rods inserted A plot is show) 
trol rods to calibrate eon rod eft re iting rate data obtaine 
tiveness or reaetivitv, to compe! te 1 vil and re-inserting 

for fission product poison to 1 2 function of angular posi Temperature variations. lost pile 
pensate tor fuel depleti n ( Del t ol | rod mensured with resp yy) iting conditions in 

sate tor reaetor temperatur nee i I veen the detector an l rol-rod movem 

to change flux distribution w n tl ! oO ve. The maximun nm complex disturbances on the 


+ } " yy 


core so that fuel depletion occurs wi ffect occurs for the rods closest ations 

formly or ina prescribed manne tecto ‘he dashed curve t 

change the power leve e 3 tive the | rod-position points mdica adie ‘, ot the neutron 

effect of these rod movements on neu- — th nting rates that might be ob- flux me - gdacraien 

tron instrument ¢: ra ! ey ( { the reactor had mo in foul a ee ee 

upon the design of I ’ t rods she vcs ag — 
Figures | and 2 show 

tor containing 


trol rods that move 


“XIs, The eurves of | | t ‘ ) the neutron 


happens to the neutron l l e ¢ proportional to tl 
tion along the Z axis in the imi rons in the core. 


four control rods are n inifor1 tu hoice of distance | 


from position A to position B f rument is usua 


reading of a neutron detect t met SCNSITIVITN ations The 
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f fast neutrons, and hence 


calibrations, de- 


detector 
the magnitude of these 
can affect: instrument 

even assuming a con- 
‘igure 4+ shows the opera- 


BF 


Unless great care 


nmercial counter at 
peratures 
in instrument design and 
counting rate is tremendously 


on temperature. 


Effect of Gamma Rays 
\n instrument’s ability to operate 
ma radiation is a problem 
vs encountered in determining the 
a neutron-detecting in- 
The 


intensities 


a reactor system. 
urge gamma 
ower reactor must be taken 
inted and provisions made to live 
hem The 


riginate in the decay of fission 


gamma radiation 
materials 
neutrons. The 
likely to be 
the 
For 


most purposes, the gamma equilibrium 


or from. reactor 


capture 


incident 
istruments are most 


affected capture gammas mn 


or in the instrument itself. 


shield 
radiation at anv instant in the reactor 
operating evele can be considered, as a 
first approximation, to fall off expo- 
nentially with distance from the reac- 
tor CGamma-level problems are sub- 
reduced if the instrument is 

ither away from the reactor. 

oOo shows 


a typical gamma flux 


with distance for a water-iron 


nixture under two operating 
how the 


shows gamma 


radiation at a particular point in a 
shield drops off as a function of time 
after The 


sharp drop-off is a function of 


initial 
the 
decay of fission-product gamma radia- 
tail of 


reactor shutdown. 


tion. The slow the curve de- 
pends on the half-lives of the materials 
at the particular point under consid- 


The 


material 


eration. curve is for a strue- 


tural containing iron and 
manganese. 

Gamma radiation directly affects the 
calibration of instruments or circuits in 
an adverse manne! Several types ol 
neutron-detecting instruments may be 
used to monitor the neutron level of a 
The effect of 


radiation is different on each type of 


power reactor. gamima 
instrument. 
BF; proportional counters. 


7 shows 


Figure 
a typical integral-bias curve 
for a BF; counter and amplifier operat- 
ing with and without a superimposed 
gamma field. With no gamma radia- 
tion (other than the normal laboratory 


background) a conventional pilateau- 
tvpe curve is obtained giving counting 
rate as a function of discriminator set- 
tings. As the gamma background is 
increased, the tail of the curve at high 
discriminator settings begins to fall off 
and ultimately reaches a point where 
This 


back- 


no usable plateau range exists. 
gamma 
1,000) r hr, 
the 


point may occur at a 
between 50° and 


the 


ground 


depending upon design of 
counter. 

No permanent damage appears to 
occur to the instrument at these gamma 
However, at 10°r hr a form of 
After 


high 


levels. 
semi-permanent damage occurs. 
short these 


exposures to very 
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FIG. 7. Responses of typical BF; propor- 
tional counter with and without gammas 
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FIG. 8. Response of typical fission counter 
under three operating conditions 


levels the counters do not operate prop- 
erly and several weeks may be required 
for the instrument to return to its orig- 
inal operating characteristics Bk 
counters are ordinarily not used at such 
levels Damage can 
the 


The mechanism of this instru- 


high varia 


occur even i counter is) discon- 
nected, 
ment damage is not fully understood 
but is related to decomposition of the 
Bs gas and the amount of gas ampli- 
fication that is obtained in the tube 
Fission counters. No 


occurs mn 


permanent 


damage gamma fluxes of 


5 X 10° r/hr (2). 


tronie circuits that connect to the fis- 


However, the elee- 
a form ol partial 
the 
pile-up. To 
the blocking effect it is usually 


sion counter suffer 


blocking because — of immense 


gamma-pulse minimize 
heces- 
short time con- 
These 


generally 


sary to use extremely 
stants in the electronic circuits. 
differentiating networks are 
placed as close to the detecting instru- 
ments as possible. 

Figure S indicates the performance of 
under 


a typical fission counter high 


gamma-radiation conditions.  ¢ Ipera- 


tion at higher pulse-height settings 
reduces the gamma contribution to the 
counting rate much more rapidly than 


Anv 


reduction in neutron sensitivity caused 


the contribution of the neutrons. 


by operating at higher pulse-height set- 
tings must be charged directly to the 
gamma background radiation. 

lonization chambers. A 
proportional to neutron flux is usually 


current 


obtained by the ionization from the 
alpha particle emitted by the reaction 
of a thermal neutron with B'®. Since 
the 
created within it, this secondary proc- 
the 
ionization caused by the gamma flux 
the 
chamber ean be designed that will have 


chamber collects all ion pairs 


ess must compete directly with 


inside chamber. An tonization 
a three- to four-decade neutron range 
field of 


To extend this range fur- 


in the 
200 r hr. 


ther, it is necessary to compensate the 


presence of a gamma 


instrument against the gamma radia- 
tion. Compensation is usually accom- 
plished by providing two operating 
chamber volumes. One volume is sen- 
sitive to neutrons plus gamma rays, 
sensitive to 


and the other is gamma 


rays alone. A subtraction process en- 
ables the instrument neutron range to 
be extended for roughly two-and-a-half 
more decades. 

Typical response of an ionization 
chamber operating on a reactor shut- 


11 











Mere em rrr 











FIG. 9. Response of typical ionization cham 


ber under gamma radiation 


down problem is shown in Fi 
amount of compensation 


The shi 
the gam 


function of time. 


by changes in 
adjacent to the instrumen 
tor up the | 


emitters to a fixed act 


builds 


Scintillation counters. 
good net 


obtain a 
these 


to 


ratio with instr 


scintillators are ver 

Ber 
temperature-dependence 
thei 


gamma radiation. 


tion counters, ust 
stricted in the therma 


ol power reactors 


Thermal Calibration 


It has been noted thus 
} 


tron instrument readings 


a fixed calibration. A> the 
bration standard itself 
process of intercalibration 
Figure 10 shows a | 
system that attempts to pr 
of 


of a 


continuous powel 


nuclear power 
power in the reactor | 
“BT 


computes the produc 


rectly by a 


and temperature differer 
Neutron 


by a neutron detector, the 


reactor. 


power 


fied, and then compare d ina corr 
comparator with the output s 
the BTU calculator The 


12 


s the calculated thermal powel 


tter this 
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FIG. 10. A continuous power-level calibration system 


itput adjusts the amplifies itron in- 


it the neutron power reads the same — struments will isslOn 


wer of 4° full 
actor 


actually reads ction 


to the 


BTl 
thermal 


The 


calculator 
coolant » powel 
in- “A Ult 
the 
the 


Input output 


This includes pump power, imate 


beta-gamma power from ‘constants 


ctor, and fission power from n order not to 


‘he neutron detector reads 


fission power as modified by 


operating conditions pre- 


mentioned The amplifier- 
ging mechanism sets the 
tf 


! Medusurement CCl 


ulated over-all ther 


irement at 


tion schem 
on detectors 


ndication ol 


Now a power demand change i nen are more suit 


the svstem cal 


Ing tor , iluirm purposes tl! 


Mutput instead of LOO mime ly calibration, 


change is 


Ina power given ofl 
| ind might 
ictual ther- 


pumping BIBLIOGRAPHY 


not changed appreciably 
ot the 


rhe 


at low power outputs can 


esent a Tul oH0% 


powel output, 


robp- ¢- tel, Nu 
if the N . 1951] 


the powe! 


considered negligible 


flow is reduced in 
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Why Is 
Dow-Detroit Edison 
Working on a Fast Breeder 
Reactor for Poweré 





After surveying several types of reactors for industrial power production, 


this group concentrated on a fast breeder design. 


The reasons: To make 


the U.S. independent of uranium imports, and to obtain power economically 


By JOHN J. GREBE 
) fo Vuclea 


POWER commer- 
he Dow-Detroit Ed- 
| with objectives that 

to attain. They 
ed visionary. 

or example, was to 

»raw uranium far be- 
vield so as to make 

ndent of foreign im- 
At first, reactors 
by multiplying 


ports in time ot \ 
that would nd U 
‘re considered good 
soon realized that 
1 shortsighted and narrow a 
present technical capabilities, 
as compared to those of ten years ago. 
The next objective was to make this 
source of energy pay its own way 
ling an industrial backbone of 
ble nuclear energy industry 
defense capabilities as a by- 
instead of  tax-consuming 
plants. We 


ica is to st 


recognized that if Amer- 
iv afloat in the weapons race, 
using the old pre-atomic materials and 
which we are 


methods on spending 


most of our defense dollars, all incen- 


tive for increasing American 


ductivity 


pro- 


will disappear under the 
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Research and Deve 


opment, The Dow Che 


overwhelming tax load. It is also in- 
conceivable that our government could 
develop this new and ultra-potent mil- 
itary potential to its full military utility 
as long as it is based on present high 
costs. Industry must cut through the 
maze of alternatives and arrive at a 
industrially profitable 


practical and 


backlog for defense requirements. 


SYSTEMS CONSIDERED 


To concentrate our efforts on the 
considered 
We rejected 


all operating ol pl inned reactor designs 


most practical design, we 
many types of reactors. 
feasible by commercial 


as not being 


standards. Several promising designs 


received particular attention. 


Slurry Reactor 

We attempted to develop a uranium 
oxide or oxyfluoride slurry reactor, 
with or without heavy water, using 
With 
continuous processing and recycling of 
thought this unit would 
breed and might produce power eco- 


Even though it would be 


graphite for the core structure. 
the fuel, we 


nomically. 
quite workable, the need for expensive 


mical Con pani, 


Midland, Michigan 


low-pressure, low-temperature steam 
installations caused this reactor to be 
eliminated. 

Turbine conditions would be consid- 
erably better with benzene, or the like, 
instead of steam as the motive fluid. 
But the 


or oxyfluorides would eliminate any 


processing costs with oxide 


advantages. 


Circulating Solid Fuel 

Later, we considered a natural ura- 
nium unit in which solid metallic fuel 
would be circulated continuously, using 
a lubricant, through pipe 
zirconium, The 
would be D.O. Circulation of the fuel 
would permit continuous processing. 
The 


howevet 9 


sodium as 


coils of moderator 


Such a reactor should also breed. 
investment in heavy water, 
would be too high to permit this ap- 
proach, even though other desired con- 


ditions could be met. 


BNL Liquid-Fuel Reactor 

The best 
reactor proposals that we have found 
are those of Brookhaven National Labo- 
The liquid-fuel processing for 


13 


thermal-neutron power 


ratory. 





lead-tin-uranium mixture ee! it, because of development problem nium-238 or plutot 
fairly well worked out to permit at th containers, radiation Son 
imum processing invent The de pre sing, ete., we compromises 
sign permits standard steam temp d fuel elements ear! n 1952 
tures and pressures mode r ! , neutron 
and low initial costs : , any one 
RET Doubling Time ndpontts 
it would not matter too 1 ! : reeders provii 
enriched fuel is available mime lom in selecting materia 
and competitivels lesigt ild O They also permit 
have it high CONVETSIOl i ! rn temperatures for the ] 
case. Fuel must be produce advantages alone 
nal conversion of fert t t ) vide enough irl fo he oO} tbsorption 
fissionable material ip t idded fuel invested ympe Wi ela - smal 
sufficient to pay thr 
enriched fuel But 
not exceed the equi el t t 
85 coal BACKGROUND 
Since it would be 


Since January, 1951, Dow 


depend on governme? 
a uccecb gles cai , Chemical Company and De- 
enough to become the b for indu troit Edison Company have 
trial power developn On ! been cooperating with AEC in 
we count on this general typ studying the feasibility of nu- 
system, modified consideral clear power (NU, Feb. ‘51, p. 
duce ten times as ee ee ee ae 86). The group was one of 
long run, as is the first four to finance such 
studies (NU, Jun. '5i, p. 42). 


This particular team has since he 


from the fast breed 
are designing. It is p 
plutor 
grown to include 25 com- :; Hania 


able to ship propulsion 
tors should pro ide the 


reactors and the make-uy , ' panies (NU, Nov. "52. ». 108; 


nium-233 or plutonium-23! June '53, p. 86). They have 
thermal reactors for less tl ( ( thus far spent upwards of $1- 
cost of diffusion plant p let million of their own money on 


Some new plans for 


: . Vv i 
the project. It is expected Inventory and Processing 


that promise cule quate breeding All that in 1954 they will spend We want to reduce the 
mane the Rgue-faes Carmel fom an additional $2-million. hasleeraseeasa 
important for attamn n wmmeé t ent WS IS not te 
objective. The fast ts Ww 

still be followed with « ence for the ymposition, We 


reasons outlined 


FAST BREEDER 


To be reasonab 
material supply in t 
power is needed mot 
considered it) neces 
breeder that would ope 
from current operat 
require dependence o1 
resources — ol govern! 
for make-up fuel. 
Three years ago Ve ¢ 
the fast breeder as the o1 
duce power at alow en 
returnon capital any ne 
ture would have to pa 
for a long time for liqu 
uously-mobile fuel so as t 
lowest possible fuel inventory, co! mo mple and economi 
tinuous reprocessing, and maximul des On the 


breeding of ultra-quality plutonium oun he neutrons absorbed ra- orta howeve! 
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ynot want nor expect thorough de- 
nation; 90° is more than good 
lor our purpose. 

the 


um bevond what may be needed 


do not expect to purify 


uses. There are ample facili- 
operation for chemical purifica- 

f the concentrated product. 
mum alloy composition and 

details of processing will require 


Almost 


¢ we do to improve the strength 


vears of development. 


osion resistance of the fuel will 
| complication and will also modify 


the processing requirements. 


Fission-Product Uses 
To derive a financial return from fis- 
products, we are hoping to develop 
itions for them as sources. of 
h-temperature heat capable of com- 
¢ with electro-therma| techniques. 
ipplications are also expected to 


veloped 


Safety 


must be de- 
that nothing is 
trouble. We 


these 


The entire apparatus 
such a way 
enuse serious 


| around one ot 


e salel 


plants than anywhere else in the 


We often mention locating the reac- 

it the foot of Main Street, under a 
Ke or river surtace. If cooling water 
flows 


se and if the plant is protected 


through the plant in its natural 


nst bombardment by water serving 
healing armor, we can’t be in 


ipe. If 


compressible members con- 


in addition, there are 


y of material similar to inner tubes 
ith air to protect the structure 
there isn’t much 


shock waves, 


from the outside. Similarly, if 
de of the reactor is designed so 
shock wave approaching it 
direction will cause the fuel to 

se rather than to concentrate, 
be very little to worry about. 
lecrease the hazard further, we 

it all the heat capacity required 
stabilization into the primary so- 
This heat stor- 


spare cooling capacity can be 


ling circuit. 
ind 
rated into small parcels without 
The heat 
re in the system will be main- 
it the 


e cost capacity 
lowest possible level so 
that no high-pressure motive fluid can 
because there is so 


time. In 


i hazard 
it on hand at any 


if we use steam, 
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r steam boilers, 


much less than 
the 


will have an inventory 
the 


room. 


usual piping within turbine 


If benzene or one of the nontoxie and 


nonflammable fluorinated materials 


that we are now testing should prove 


satisfactory, we will be able to elim- 
inate still more complications. 

The fuel elements, being designed to 
operate ata fairly uniform inner tem- 
perature, will expand (as a result. of 
phase transformation) in line with the 
Therefore, control 


the 


flow of sodium 
should he 
Even if some of the fuel should melt, 


inherent in design. 
no harm would be done because we do 
not count on keeping the primary cool- 
ing circuit free of contamination. In 
fact, if the entire reactor were to melt 
down and circulate with the sodium, 
the design would be such that no dan- 


We are 


even hoping to use this technique as a 


gerous situation would arise. 


means of removing fuel elements. By 
merely shutting down the flow ol so- 
dium coolant to any one element, it will 


melt down for reprocessing. 


Cost Data 
Powel plants never before have had 


a double-boiler with a temperature- 


limited source of heat and nice dense 
media for their motive fluids, so powel! 
engineers really don’t quite know what 
to do with this new freedom of choice in 
materials and design We expect that 
this confusion will be cleared up long 
before we will need to make a decision 


as to how much we can expect to re- 
duce the cost of the power facilities as 
a result of this new freedom of choice. 

In this 
little. 
most important single factor. 

The most 


result 


instance, efficiency matters 


vers Capital cost is by far the 
MMportant economy 
the fact that these 


fluids are 


may 
from new 
heat-transfer much less cor- 
rosive on the lowest cost materials of 
construction at high and low tempera- 
tures than steam. This would permit 


use of thin-wall small-diameter steel 
tubing. 

Eeonomic evaluation must be based 
on realistic costs and write-off periods 
in a new and very rapidly changing art. 

It is a long time since power plants 
improved at the rate of 10°, or more 
per year. Large expenditures in engi- 
neering and development are in order 
when such improvements are possible. 

No one ean think of current central 
station plants becoming obsolete in less 
than 20 this 


years. For reason, we 


have had the problem of explaining to 
that 
available on government 
little. We 


make our own estimates of what costs 


our men the meager cost figures 
operations 
really mean very have to 
would be if operation were under com 
petitive conditions, where they must 
face rapid obsolescence, higher cost due 
to taxes on profits, and, most of all, the 
need of earning enough net after taxes 
for the business to grow out of profits 

An industry that must sell itself to 
the public or bankers to grow has lost 
its freedom to build for a goal that may 
tuke several vears of trouble-shooting 
Only if the 


can stand on its own feet and sh 


industry 
ow the 


to attain. new 


capability to expand out of its profits 
can it get the kind of freedom that is 
required to do well where chances must 
be taken. It 
keep optimists from trving to 


has been a problem to 
justly 
very crude approaches that depend on 
getting by with the low eapital charge 


of an old, stable and relatively stereo- 


typed industry and apply such charges 
to something that is bound to change 
We have tried to avoid this 


trap by looking for the best that could 


rapidly. 


be done under the new circumstances 
and doing research on what it takes to 
meet such specifications 

It is easier to continue to improve de- 


signs and reduce processing require- 


ments to the point of providing mincen- 
tives to normal venture capital than to 
expect sound economics to be set aside 
“atomic. It 


bv the magic word eur- 


rent tests turn out as favorably as ex- 
pected, we can expect to interest such 
venture capital 

It is foolish to think that sound eco 
nomies can be bypassed with govern- 
To the 


knowledge, no new industrial potential 


ment money. hest of ou 


has ever been developed by any govern- 
ment, not withstanding enormous ex- 
penditures aiming to do so, 

Whether or not we will be able to put 
the best approaches together at 
At least, we will 
know better than to put am 


one 
time does not matter. 
more ie 
this 
the 


vestment into any one phase of 
development than Is necessary for 
purpose of evaluating its capabilities 
Each development can be added to the 
preceding until the whole is assembled 
a period of several years, while 
heat 


interchange system prove themselves. 


ovel 
the reactor, disposal, and heat 
After satisfactory operation for a year 
turbo-generators and electric in- 
END 
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or so, 


terconnection can be added. 





FIG. 1. PV7 photovoltaic cell and plastic scintillator 
assembly as used in experiments 


Micromicroammeter 





Rack control 
box 
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FIG. 2. Diagram of detector system. Rack and pinion used to 


adjust distance from source to detector 


Photovoitaic Scintillation 


Linear response from 12,000 to 360,000 r/hr 
and an estimated accuracy of 4% is achieved 
with a combination of a photovoltaic cell and 
liquid or solid scintillators. Simplicity of use 
and high light output make this unit a prac- 


1]. The Detector 


By R. L. SCHUCH, R. D. HIEBERT, ut put 
and F. N. HAYES mi 
Los 
University of alife P >The 
Los Alamos 


of 


Alamos Seren fu rhe } tion 
PV7 
mwatt 


has 


ae ovel 
eached 5.5 wa 
With a 
PV7 


SENSITIVITY 


THE DETECTOR 

General Electric type PV7 photovol 

cell (4-in. diameter, 1; ¢-in. thi 

and a scintillator contained 1 
These 


mounted in a light-t 


ASSEMBLY consis 
current 
Scintillator 


lindrical 
to 


minized glass cell, 
are 
holder, as shown in Figs. 1 | lesigned 
Stimulated 


the scintillator releases quanta 


by incident 


minous energy that fall upon the photo- the 


voltaic cell, ‘producing a current that is 92 
fed directly into a Leeds and Northruy 


model 9836A d-c amplifier 


mm in 


vall thickness 


The response ot this svstem Ke] length 


sive of scintillator, was linear surface for sealing the end plates 
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200 ya 
isured) and was unaffected by loca- 
of the cell in a high radiation flux. 
a rated output of 
at 4, 
photovoltaic-cell 
the 
at 360,000 r/hr. 
scintillator, 
reached 
ol 
container 
cells 
provide 
collection, with little or no absorption 
n the end plates. 
cells is cut from Pyrex tubing I 
diameter 


ground carefully to maintain the barrel 
at 19 mm and to provide a flat 


tical detector. This article is divided into two 
sections, the first describing the instrumenta- 
tion, the second presenting response data for 
liquid and solid (plastic) scintillator solutions 
at high dose rates 


the 
Kodak type 


1.27 mm in 


the largest current insure excellent optical qualities, 


end plates are cut from 


103-0 Ss] 


ectrose yple plates, 
with the 
Assembly 


following steps since a reflecting coat- 


130 emulsion removed, 


thir Kness 


100 A. Measurements of the cells requires the 


background were 


ing is evaporated on all 


full dose range and internal sur- 
faces except the light-transmitting end 
the maximum plate facing the sensitive PV7 surface. 
151 wa ¢ 1 on 

Ma PV7) is 
cells. The Armstrong 


Fig. 3 


e back plate farthest from the 
to the barrel with 


Was 

10 cemented 
A-| 
are ment allowed to cure 


light 2. The 


is evaporated on the internal 


1.2 
adhesive and the ce- 
shown in 


maximum aluminum-silicon monoxide 
coating 
Suriaces, 


The 


sealed to the 


The barrel portion 
front plate is 


the 


transparent 


with a 3-mm barrel and cement 


The end surfaces are allowed to cure. 
In actual operation, the plastic scin- 
tillator is 


parent front plate, and the bare plastic 
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mounted without a trans- 


To 





FIG. 3. 


Cylindrical glass cell to hold scintillator. 
glass 14 20 joint filter tube used on liquid cells 





a a 


PV7 Current (pa) 


Db 
Oo 





4% p-terpheny! and 0.025% 
\,1,4,4-tetraphenyibutadiene 
nm Polyvinylto vene 


5 gm/! p-terpheny! ond 
0.05 gm/! awneo in toluene 








20,000 


240, 
Dose Rate (r/hr) 








Ground- FIG. 4. 


Light output of plastic and liquid scintilla- 
tors as function of dose rate shows linear response 


Detector for High Dose Rates 


gainst the PV7 cell. No notice- 
light loss due to absorption is ob- 


rests 
able 


1a front plate is used with 


removing the front cover 
Bakelite holder, can use 


quid and plastie scintillators. 


one 
both 
Instrumentation. The currents gen- 
d by the PV7 are measured with a 
romicroampere amplifier that 
-scale current sensitivities rang- 


1l0-* to 2 K 10°° ampere. 


A shunting arrangement is provided to 
the 
range desired and to keep a constant, 


decrease current sensitivity to 
low value of external resistance for the 
PV7 cell. This makes the 
full-scale current sensitivities range 
from 1 X 10% to 2 X 10~* ampere 
with a constant error of 1%. <A low 
fixed total resistance of 99 
ohms insures that the cell current is a 


shunting 


external 


linear function of light intensity over 
the range of intensities encountered. 


2. Scintillator High-Level Response 


By F. N. HAYES, R. D. HIEBERT, 

BETTY ROGERS, and R. L. SCHUCH 
Los A 
l'nive fy of Ca 


Los Alamos, Ne 


s Scientitic Laboratory of the 
fornia 


Ve Lico 


SOLUTION sSCINTILLATORS of the liquid 


and solid (plastic) types have been in- 
vestigated in the very high energy 
12.000 to 360,000 r/hr (10! 

10° ergs gm/hr). <A radiation 

source with an estimated activity of 


20,000 curies and a gamma spectrum 


with a mean energy of about 1.3 Mev 
was used (similar to Co®). Measure- 


ments ot 


radiant energy absorption at 
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various distances from the source were 


made with aqueous ferrous sulfate 
dosimeters (1). 

Luminous energy release of the scin- 
tillators was measured with the photo- 
voltaic-cell detector. 

The plastics and liquids used are 
listed in the table on page 18. Meas- 
ured current and thereby the light out- 
put of the scintillators appeared to be 
linear with dose rate over the range 
12,000 to 360,000 r/ hr. 


Results are expressed in the table in 


see Fig. 4. 


terms of microamperes per roentgen pel 
relative currents. 


data 


also as 


hour and 


Relative pulse-height obtained 


The PV7 cell was checked for 
sible sensitivity changes from the high 
unit 


pos- 


radiation intensities in which the 
is used by replacing the scintillator with 
a constant light source and observing 
the output current under all radiation 
No effect was seen other than 


measured 


levels. 
the current 
(maximum of 5.5 wa at 360,000 r/hr) 
with the PV7 cell alone. 
the cell showed no fatigue effects when 


background 
Furthermore, 


exposed to a constant light source. 


with Cs!'*? internal conversion electrons 
and a RCA 5819 are 


It is surprising to see such a marked 


included, 


divergence for the seven cases studied 
from the low-intensity relative pulse- 
height 

intensity 


measurements to the high- 

PV7 studies. A calculation 
for energy response, considering 5,000 
emitted (2) 


pendent of radiation rate, fits the bet- 


photons Mev are inde- 
ter plastic result very well (Appendix). 
The presence of 4 slow component in 
the plastic scintillation pulses could 
account for their higher current yields. 

Conclusions. 

1. The plastic-PV7 combination will 
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Two conclusions are: 








make a fine dosimeter, at t in the u watt to wa/photon, see fe 1100 
12,000 to 360,000 r/hr range \ photons 

2. The 1 to 12,000 r/hi ve must 6.624 x 10 2 10 
be studied for these seint tol 7 10 

The function of the ivelengtl 125 x 10 erg 
shifter is demonstrated in ft P 
data by comparing solution 7 21 - & 10 v 
p-terphenyl in’ toluene. Wit 0.05 esol - r 
gm/l1 aNPO.* the a ere ee niees 0 wa mwatt 130 &K 4.85 & 10 
photons mostly of 4,100 A t it it 6.9 10°'* pa, photon se 
photons ot 38.600 A his ference 
works in two manners with the ft 2. | ‘ ersion of IL r/hr to the nu . 
wavelength photons first, te photons/sec reaching the PV% 
greater per cent transmission ft the B pcennmion, S65 ergs/gm 
light through the seint itor: se st scintillator weight LOO 
to have a 30°7 better current respor Me i Lod X 10 erg; Mey 
at the PV7 surface is 9 X 10" photons in the seintil- 

{ ind light collection is 90% effe« 


The solution ot OO] ta | te, 
phenyl and 0.05 gm laNPO in toluer 


a good solvent but a shortage 


- : = ba 1 Bi 
molecules) did not lose ground to the ! 100 
: vee S600 1.59 10 

plastic scintillators. The : 

~ ) 10) OU 

} 9 =: ee : ° 

15 gm | 2,5-diphenyloxaz ( UU) 6.6 10 tons sec 
gm | aNPO in mineral o 
vent but an optimum concent t nm 3. Current resulting from piast 
solute lost practically OF Its t a ri (¢ Dination in a I neid 
to seimtillate. These faet ontribute 
to the store of information a imulat " 6.6 10° X 6.3 & 10-14 
ing that will some day give en ! = 42> 107 ua 
precise pieture ot the scint t 
ess in the liquid phase * 

A previously reported detector } h to thank Wa B 
this kind using sodium iodide as the i \ La uory for U 

, ” ; ; / é plas and Earl | l } 
scintillator (3) was shown to be I l S4lamos Scier Labora y ff the 
pletely nonlinear in the range | Hast Th ‘ 
tion intensity stucied 7 } 5 
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Appendix 


, \ Nver 
1. Conversion of cell sensitivity f1 H n PhD 


* NPO: 2-(l-naphtl 





Comparison of Scintillators at High and Low Intensities 


High intensity Lo 


PLASTICS 


19% p-terphenyl, 0.025 


butadiene in polyvinyltoluer i.2 1.00 1.00 
0.5% p-terphenyl, 0.001 NPO* in} { 94 0.69 0.68 
LIQUIDS 
5 gm 1 p terpheny] 0.05 gr NPO t er 1.8 0. 43 0.4] 
5 gm 1 2,5-diphenyloxazole, 0.05 4 NPO 

toluene ca O36 O89 
5 gm/l p-terphenyl in toluer :4 0.26 0.82 
O.OL gm i p-terphenyl ) () 

toluene 0.4 0.10 0.09 
15 gm/1 2,5-diphenyloxazole, 0.05 gt VPO 

in mineral oil 0.01 0.002 0.18 
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Discrepancies between 
cavity-chamber and free- 
air measurements of Ra 
output are resolved by 
correcting for the 
chamber-wall density 
effect. The calculations 
presented for graphite 
can be applied to 


other wall materials 


Density 


By G. N. WHYTE 


)) off?) 
\ R h ( 
() (anada 
ETI MINATIONS I RAY DOs 
The ibso pt 5 energ 
t nt inas¢ i¢ ( mare 
Peri¢ based Oo! ts of the 
tio! n the Cu t 
B31 ive (, 
hown ho thy t ' 
i ene! yo Ct 
( ect me ( Té to 
atiol ( 
thie 1e¢ l t uy I int 
thre erence bet we t num- 
( he ( ll (; 
I ed s1deratior 
( | ed tot ~ ement 
> n enty eans O 
hilled tonizat ( - 
t ! 1 wit! posed I 
( ( s Oot i t t 
G has pointe t that in all 
t k it was t ssumed that 
t elect n-stopping ( i Iate- 
depended only on the atomie num- 


bers Of its constituents and not on its 


tate of condensation However, others 
have sl n t the stopping 

( wr charged part es is less when 
toms ire closely pa KE is they are in 
i solid, than when the re widely dis- 
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FIG. 1. 


Variation of P and Q (Eq. 2) with y-ray energy 





Effect in y-Ray Measurements 


persed, as they are in a gas (as a con- 
sequence of the reduction of the electric 
field of the moving particle caused by 
As a 
result of this density effect, the ioniza- 


the polarization of the medium). 
tion in a small gas-filled cavity in a 
condensed medium traversed by y-ra- 
diation is greater than it would be in an 
identical volume in a gaseous medium 
of the same atomic number traversed 
by the same radiation, and an estimate 
of y-ray dose based on a measure of 
this ionization is too high. 

What follows is an attempt to cal- 
culate the correction that must be ap- 
plied to cavity-chamber measurements 
of y-radiation because of the density 
effect of the wall material. 


Method 


The quantity to be determined is the 
ratio, B, of the ionization produced in 
an air-filled cavity ina solid material of 
number Z, to the 
that would be produced in an identical 


atomic ionization 
air volume surrounded by air at nor- 
mal temperature and pressure. 

Laurence (8) has worked out an ex- 
pression for B based onthe Bethe-Bloch 
formula. To take advantage of his 
results, it is convenient to divide the 
calculation into two parts: 

1. The derivation of a ratio B’, iden- 
tical with Laurence’s expression for B 
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except that the values used for the 
of the 
wall material and the air are such as to 
take into account the 
density effect.”’* 

2. The caleulation of a faetor D, due 
to the “finite-energy density effect.” * 


mean ionization potentials, J, 


“zero-energy 


The first factor depends strongly on 
the atomic number of the wall material 
but only slightly on y-ray energy; the 
second quantity is relatively insensitive 
to wall composition but varies mark- 
edly with energy. 

Low-energy correction. 
obtained his expression for B as 


Laurence 


B= 1 + P(2 In Z,./Z,) 
+ Q(2 In Z eee oS (1) 


where Z and Z 


bers of the wall material and of air, and 


are the atomic num- 


P and Q are slowly varying functions of 
the y-ray energy, involving the initial 
Compton-electron energy distribution 
and the dependence of stopping power 
The quantities P 
and Q, caleulated from Fig. 2 of Laur- 
ence’s paper, are presented in Fig. 1. 


on electron energy. 


*The term =  zero-energy 
refers to the 
stopping power ot 


effect 


electron- 


density 
reduction in. the 
material, 
which is present even for particles of very 
low energy The additional effect that sets 
in at higher energies and increases sharply 
with energy (7 


“a « ondensed 


is referred to as the finite- 
energy density effect. 


The factor Z,.Z, in Eq. 1 arises from 
the use of the approximate relationship 
J] = 
potential 7 appearing in the stopping- 


13.5Z ev for the mean ionization 
power formula. It is possible to  in- 
clude the zero-energy density effeet by 
using, in place of 13.5Z, values of J 
determined from experimental stopping 
powers in solids and the value of J, ob- 


tained from air measurements. Then 
B’ = 1 + P(2 in I,/1,) 
4 O(2in f,./i,.)?... ©) 


where 7, and J, are the appropriate 
mean ionization potentials of the wall 
material and of air, and B’ is written in 
place of B to indicate that this expres- 
not take the 
finite-energy density effect. For /,, 
Bakker 


Segré (9) for 340-Mevy protons in solids 


sion does into account 


the values obtained by and 


are suitable; for J,, one can use the 
value of 80.5 ev deduced by Livingston 
Bethe (10) 
ranges in air, which agrees well with 


and from alpha-particle 
the recent measurements of Bogaardat 
and WKoudijs (17). The quantities 
(2 In J,/I.) and (2 In J,/1,)? for a 
number of common wall materials are 
listed in Table 1, 
tween these values and those obtained 


The differences be- 


by Laurence are not necessarily due en- 
tirely to the low-energy density effect, 
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since the assumption that J is propor- here x is the distance travelled inthe where (dE /dzx),, is the specific energy 
tional to Z probably does not. hold wall from the elementary volume loss inthe wall material, V, and N,, are 
exactly, even in the absence of th dx dy dz where the electrons originate to _ the electron densities in the air and the 
effect. However, J should take count the edge of the cavity. F(R x) isthe vall, and S,(2) and S,,(/ are the stop- 


ol any zero-energy effect speciic lonization in air at a distance ping powers per electron of the air and 
Finite-energy correction. The R r from the end of the range, ¢ is the wall. Substituting hq. 6 In Eq 5 
available caleulations on the finite the distance travelled across the cavity ind integrating with respect to ¢ gives 
energy density effect give the reduction ind #,, is the range of electrons of en- . . 
VN, {* * SAE 
In stopping power due to this effect in ergy EK» in the wall. E | g(E | 
various materials as a function of el The total number of ions J (pet We Jo Jo Swlk 
tron energy. To estimate the net juantum/ecm*) in the eavity is 1E- dE 7 
effect on the ionization it ( t 7A rR 
> . ’ yl , ‘ dk S , probs vil \ De! 
chamber irradiated by vy-1 S t J \ I| J Ey) de [| F(R rl vhere g(fy)dEo is th i bability — 
necessary to take account of the varia J JJ JO incident quantum/cm? that an electron 
( = dz ei 5 \ ire « ’ ery \ “ ¢ i 
tion of this reduction with the eners tx dy dz he ‘ ii acquire an energy between £5 and 
; re ; var coal : . i t+ dk in any direction and | s 
OF an electron as it is slowed d I t ¢ in be shown that the scattering 


> wall material. ¢] licts ian aif ~ the maximum possible value of £ 
the wall material, the d 1 of the electrons as they slow down in 


In « ilculating the correction tactor 


ts ile ) Nerg resulting fror , ' 
initial electron energic ( y the wall does not change this integral ; 4 
Compton interaction oly moenerget g i? expression q the stopping 
ver of the wall mate) hat did nat 
y-ravs and, finally the energ S10 Che triple itegral re Lue t x the wall ma At OHMS GIG NOt 
trum of the actual v-1 ition vit netude the fnite-energy density effect 
Which one is concerned This vw | ‘he FUR vas used, Calling this S,"(£), one can 
{ ' 
done by a method Similar t that ( “2 Che true Stopping power! on 
} ‘(hk where Ss 
by Laurence in deriving | | j | Swf ° b - where Ai 
efe V is the volume of the cavit ie Mitel ae re 
Let the probabilit Der ! lent | ait : is FiR ( onal reduction in the stopping 
1i¢ Specii lOnIZATION i J ] 

. pDowe ue ) hnite-e ry ‘TS 
quantum em* of imparting t nh © ne n be vritten dk da Hi where = ute-energy densit) 
tron of the wall an energy between / r enect Phe ratio S, (1 Sw(f in hq ; 

lhe da Is the specie energ LOSS Se } ai S (J 
and By + dk» at an azimut] nel a ChCHOre He replaced Dy 
rat the energy EL: W is the mean Y J A Furt} ; 
het ween Mla and go + de he f(} /} ly ' i urthermore, the ex- 
energ lost bv an electron per lon pau { } lyts 1 by 
Then dn. the number of eleetrons al nd j is ession for the lonization obtaimed by 
| duces iri S substantially ince 
, , nevlecting he finite-enerev dencit, 
duced in the volume element lydzof - Sat gn T| eglecting the finite-energy  densit 
endent of energy, hus ‘ 
‘ t Is 


the material in this inter Tt ene 


and angle per quantur I s Ze ! 
dn Vius(Bo) dE dg + dx dy dz (3 JO » SwlE 


dkhid dE -dk 
where N,, is the electron densit1 n the | | a Ik k 


wall. lf the dn electrons were to pro - O that the tractiona correction that 
ceed undeflected. they vould produces | | I} fl I} must be appl ed to B’ to take into ac- 


number of ions dJ in the r of the i MW J0 dk /d ount the finite-energy density effect 


itv given by 


-s i 2 sol a specihe energy fy, is 


V SUE i ae 


| 
dk 6 : : ‘ 
dJ = dn-F(R ] { I , V SAD D Pe SIS 






































| 
TABLE 1 Functions of / for Eq. 2 
| 
| 
S t lis | | | 
| 
Il n sol ~| lot) 
Lhe HO 4 () 0) | 
(ut ipl ite iH 4 > If oO] | 
An S05 ( ) | 
() (in solids my | 
\| 150 y 
Anthracene 64.35" () 44 () > 
Water 68.9* —0. 312 0.09 
Polvstvrene 61 0* ) 0) ) 
Lareite 65.37% ) 418 
Bakelite OS S* 0) | 0 O08 M 
* bor pounds, / incnieaietienseeaite —_ 
retric ean of ‘ l 
elemente FIG. 2. Variation of fractional finite- FIG. 3. Correction to measured dose in 


energy density effect with electron energy a graphite cavity, as function of y» energy 
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TABLE 2 


Wall Correction Factors for the Gamma-Rays of Various Isotopes 


Ra(B + C 





y13i Au (‘06° (through O.d-mm Pt Va" 
B’ D B B’ D B B DD B B’ D B B’ D : B 
Graphite 0.993. 0 0.993 0.993 OF 0.9938 0.994 0.004 0.998 0.994 0.005 0.999 0.994 O.O0L4 L008 
Polystyrene 0.961 O 0.961 0.962 0 0.962 0.967 O.004 0.971 0.966 0.005) O.971 0.969 O.014 0.9838 
Lucite 0.970 0 0.970 0.971 O 0.971 0.974 0.004 0.978 0.974 0.005) O.979 0.976 0.012) 0.988 
Bakelite 0.977 O 0.977 0.978 O 0.978 O.981L 0.004 0.985 0.980) 0.005 0.985 0.982 O.O138) 0.995 
Aluminum 1.101 O 1.101 1.100 O- 1.100 1.084 0 1.084 1.086 0 1.086 1.078 0.008 LOSI 
S.(E) Iq. 2 must be increased because of the about 2% higher than the values given 


"Em Eo 7 
; A 
D I, g(Eo) [ l = A S,'(E) 


"Em Eo a . 

S.(BE) 

; at, / | (Eo) ———— 
Jo 9 o S.(E) 


dE+dEy (8) 

This expression can be simplified by 
noting that the ratio S,(2)/S.'(E) is 
very nearly constant over the range of 


dE 


energies of interest, so that finally, to a 
good approximation 


, Ba 
dE - at, / | Q(En)EydEy (9) 
J0 


For 


must use a weighted mean of the values 


a complex y-ray spectrum, one 
of D for each quantum energy. 


Results 

The values of A have been evaluated 
graphite, anthracene, water, and 

the 

»: Fig. 2 shows the var- 


1ol 


aluminum trom recent paper of 


Sternheimer (7 
iation of A with electron energy for 
these four substances. The values for 
graphite and anthracene differ by only 
10%, 


about while those for water and 


aluminum are considerably — lower. 


Since most cavity-chamber measure- 
ments have been made in chambers 
with graphite walls or walls differing 
little from carbon in atomic number, 
the remaining calculations have been 
carried out for graphite only. 


E 
The p faa ade 


1 
values ¢ 


were obtained as a function of Eo by 


graphical integration. Numerical val- 
nes. of the function g(») were next 
taken from the paper of Johns et al. 
12), and with them the value of D was 
calculated as a function of hy, the inci- 
The results of this 
calculation are shown in Fig. 3, where 
the quantity plotted is the fractional 
amount by which the factor B’ given in 
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dent y-ray energy. 


finite-energy density effect.* 

Full correction. The complete wall 
correction can now B = 
Bi+D). Bis from 
hq. 2, and, for graphite, ) can be taken 


be written 


calculated 


directly from Fig. 3. 

Approximate values of D for some 
other wall materials can be obtained 
with the aid of Fig. 2. 
polystyrene is quite close to anthra- 


For example, 


cene in atomic composition, so that by 
estimating from Fig. 2 the amount by 
which A for anthracene differs from A 
for graphite over the range of electron 
energies involved, one can make a use- 
ful guess at the appropriate value of D 
for anthracene and hence for poly- 
styrene. Thus for 20-Mevy y-rays, the 
mean initial energy of the Compton 
electrons is roughly 10 Mev, and Fig. 2 
shows that in the region between 0 and 
10 Mev, A for anthracene is about 10% 
less than A for graphite. 
the same result for polystyrene, one 


Assuming 


finds from Fig. 3 that D should be 
about 0.105 & 0.9 = 0.095. For the 
much lower y-ray energies that are 


generally emitted by radioisotopes, 
where PD itself is not 


2%, this procedure should be accurate 


more than 1 or 


enough for most purposes. 

In Table 2, the values of B’, Dand B 
are presented for a few common gamma 
emitters and wall materials. They are 

* Since the completion of these calcula- 
the 
measurements of T. J. Thompson have be- 
come (UCRL-1910, 1952). Al- 
though the values of 7 he obtains are mostly 
than Bakker and 
the corresponding stopping powers 
In fact, if one 
includes the density effect of 
1° in liquid air caleulated by Sternheimer 
(Phys. Rev., in 
for both graphite and polystyrene lead to 
differing by only a few 
given in 


tions, very precise stopping-power 


available 


lower those of Segre, 
elative 
the same. 


are very nearly 


Zero-energy 


press), Thompson's results 


wall corrections 
tenths of a from those 
Table 2 
of the Radiation Physics Laboratory of the 
National Bureau of Standards for a helpful 


discussion of this point 


percent 


I am grateful to several members 








by Laurence, corresponding to a reduc- 
tion of 2% in the corresponding cor- 
rected dose rates. 
Radium output. 
Ra(B + C) y-rays 


interest, since they bear on the stand- 


The 


are of 


for 
particular 


results 


ard figure for the absolute y-ray output 
of radium. The results of a number of 
different cavity-chamber measurements 
of the output of radium in 0.5 mm of 
platinum have recently been compiled 
and corrected in a uniform manner Tor 
wall effect Lau- 
rence’s calculations; they then yield a 


(13) on the basis of 


mean value of 8.41 r/mg/hr at 1 em. 
When the correction factors given in 
Table 2 are used instead, the figure be- 
Thus the 
apparent discrepancy between the cav- 


comes 8.2 r/mg/hr at 1 em. 


itv-chamber values of about 8.4 and 
Taylor and Singer’s (14) free-air value 
of 8.16 r/mg/hr at 1 em can probably 
be attributed to the influence of the 
density effect on the cavity-chamber 
measurements, 
* * . 

/ 
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assist- 
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STR PROTOTYPE operating inside mock-up of sub- SPRAY POND holding 2,000,000 gallons of water. Useful 
marine hull produces power dissipated in... application of nuclear power is near as 


PICTURES SHOW the Id: acili- shown in these pietures. The Mark 
ties used by Westinghouse Electric I reactor is under the hatch near the 
Corporation for testing the Submarine center of the tank shown above 
Thermal Reactor prototype (Mark I left Tank contains 285,000 gallons 
Launched January 21, the Nautilus of water, is about 50-ft wide. 40-ft 
s now ready to have the actual STR high 
Mark II) installed. This, the first Building housing reactor prototype 
nuclear-propelled vessel, will provide is shown behind spray pond (right). 


i proving ground for the first practical! Pond has 28S nozzles and ean cool 


‘ pplication of nuclear power 22.500 gal, min. 

PIT -F P, when filled with ter win 

hold ge ae ; fe diso? wre Actually, the STR = prototype | In emergency, fans can exhaust air 
5 ot” reactor for disaSsembly. 

Smaller pieces are placed on elevator 

(rear) and hoisted to hot cell. 


been producing experimental power for from building at rate of 36,000 ft* min 


ibout nine months using the facilities from each of six stacks. 


INTERIOR OF HOT CELL used for work on radioactive com- HOT CELL HAS six 4-ton doors, each 4-ft square at large end, 
ponents. Here, well-ventilated hot cell is being used for 7-ft thick. A seventh door weighing 25 tons accommodates 
manual work on Mark | component before installation on very large components 

power plant 
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Multigroup Methods for 
Neutron Diffusion Problems 


An essential factor in reactor design is the neutron flux space-energy distribution. 


For a nonthermal reactor, this spectrum can be calculated by dividing the energy 


range into discrete intervals characterized by distinct spatial flux distributions. 


Methods for doing this are developed and applied to an actual analysis 


By R. EHRLICH and H. HURWITZ, Jr. 


Theoretical Physics Unit 

Kno {fo Power Laboratory* 
Schenectad Ve York 

THE AGE-DIFFUSION equation pro- 
vides a good description of the neutron 
behavior of a large class of nonthermal 


reactors Thus, a convenient means of 


accurate solution to this 


equation Is very useful for reactor de- 


sign culiculations 
One of the most convenient Ways ol 
mathematically handling this equation 
is the mult group method,t in which 
the relevant energy range is divided 
into several discrete intervals. Thus 
*() | wr the Atomic linergy Com- 
Mussior t General Electric Company 
The particular formulation of the 
itigroup method diseussed here stems 
oO i fied KAPL report issued in 
Ma M47 \ general consideration of 
iltigrou ‘ ods can be found in the 
book by s. Glasstone, M. C. Edlund, * The 
Elements of Nuclear Reactor Theory,”” p 
227 fi 4% Nostrand Co., Inec., New 
York, 1952 \mong other techniques are 
the va nul mode methods such as those 
developed | H Brooks and L. Tonks 
KAPI 1 G. Goertzel (NDA); the 
numerica ethod of A. 8S. Thompson, J. 
1p) P} 22, 1223 (1951); the multicell 
| ( Safonov (Rand), or direct 
tegration with respect to energy. We 
have found direct integration with respect 
» energ iseful in cases where the flux 
is attenuated very rapidly. Thompson's 
et 1 is equivalent to scheme A (see 
p. 24) with f 1 and uses a different 
method for tegrating the spatial equa- 
tion numerical] Integral theory meth- 
is have n derived by R. P. Feynman 
ind T. A. Welton at Los Alamos and by 
(y ma The spherical har monic 
method has also been used extensively for 


treating energy dependent transport prob- 


diffusion theory is not valid. 
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lems in which 


the age-diffusion equation is reduced to 
a finite set of coupled ordinary differ- 
equations called 
Neutrons in 


ential multigroup 


equations, each energy 
interval are treated as a separate group. 

Analytical and numerical methods 
for solving multigroup equations with 
an assumed source are discussed in this 
article. The adjoint equation is also 
reduced to multigroup form, and the 
use of the adjoint function to obtain 
improved reactivity values is described. 

Assemblies that are large compared 
with the neutron mean free path and in 
which the neutron energy is reduced 
primarily by elastic collisions with the 
atoms in the assembly will be consid- 
ered here. If the atoms in the assem- 
bly all have mass substantially greate! 
than the neutron mass, the Boltzmann 
integral equation for neutron diffusion 


may be converted into a diffusion-tyvpe 


differential equationt known as the 
age-diffusion equation 
| oY . 
—V.- Vnv + o,n ~ t S(TLU) 
30 ty Ou 
l 
= V7 = Vn 7 Fag dr (] 
oO; 
T 
tSee R. E. Marshak, H. Brooks, and 
H. Hurwitz, Jr “Introduction to the 


Theory of Diffusion and Slowing Down of 
Neutrons,’ Nuc.trontics 4, No. 5,11 (1949); 
4, No. 6, 43 (1949); 5, No. 1, 53 (1949); 5, 
No. 2, 59, (1949) 

§ More 


where gq is not small compared to a, may be 


accurate results in situations 
obtained by replacing to, by a linear func- 
tion of og, and og. We have adopted the 
alternative the 
absorption cross sections to account for the 


approach of correcting 
effects of spatial and energy self-shielding 
In Eq. 1, 


above thermal. 


Qr is evaluated at an energy just 


where$ g = slowing down density 


NVEO.s, Or, macroscoprie transport cross 


section, 0. MLACTOSCO PU moderator 


scattering cross section, oa, macro- 
section In- 
leth- 


where FE is in ev, nt 


scopic absorption CTOSS 
cludes inelastic seattering), 


In loUk 
neutron flux per unit u, and & 


argy 
aver- 
age logarithmic energy loss in a mod- 
erating collision, The subscript 7’ in- 
dicates the thermal group. The source 
term S(r,w) represents neutrons liber- 
ated in fissions (S;(r,w)) and neutrons 


produced at u by inelastic scattering 


from a higher energy (S,,,(r.u The 
fission contribution may be written 


ul 
S,(ru) yp | nvao,du’ 
e i 


t 70 (mu) 
fr 


where v is the number of neutrons 
emitted per fission and x() is the fis- 
sion spectrum normalized so that 
1x u)du = 1. 


The inelastic scattering contribution 
may be written 


- , ; , 
[ nv Oin(U’) x(a’ > u) du 
- 


The fraction of neutrons scattered in- 


S,,(r.u) 


, 


elastically at energy w’ that are de- 
graded to energy wu is x(u’—> u) and 


“ 
[ x(a’ > u) du l. 
x 


The most straightforward procedure 
for numerically integrating Eq. 1 would 
appear to be to calculate dg/du as a 
function of position from Eq. | for a 
given value of wu and to use this deriva- 
tive to obtain the flux at the next value 
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of u. This procedure is not stable ut s the degradation out of the ith I quation 4 can also be written 
less the intervals in wu are reiative grou] The approximation ol replac- 
to the spatial intervals since ther ng the averages of products appearing = VD; VN V; 7 a VI 
small spatial intervals are necessary to in Eq. 3 by the product of averages ; 
. . : qi | Sd Ss 
obtain an adequate description of the elds the following : E 
spatial flux variation, it is necessar where 
; | 
this method to use an undesiral ( — ) V2(q) in 
increment of u. Although tl rect Pa e ‘a w= 
; a IEC 0 
integration’’ method has sion l'a D 
been used for studving the vV energ to Y)iavg 7 ( ) 
part of the neutron spectrum, it | . fo 
generally been found more convenient t S(r,u) du | VJ ] | 
to obtain the numerical tution of ie tg 
Kg. 1 by the methods discussed in t] ‘T s justified if either g or the cross e.- 
following section. tions do not change radically over ( ) 
the group. Hence, this is a criterion 2 = 
MULTIGROUP EQUATION l 
hich must be considered in choosing : 
It has been customary at KAPL to — the en gv subdivisions for the groups ” 
work with Iq. 1 expressed in terms « | the purpose of analvsis of experi- 
the slowing down densit it he entc t is convenient to have aaaeee In tl Ss equation VI 1D, VN\V;are 
than the flux. nov. Since ¢ ( r it s occur at energy values where continuous at i te eS [ ng 
the number of neutrons being tters there some physical threshold or dis- 4: 5 
through « per unit time e, it ntinuits ich as the Cd-cutoff l VI 
follows that if leakage ar t energ , 
effects are small, q\u) w a Ti e ke t when ind S are ( J 
= funetion of a If n, it is necessary to postulate an a? Te 
with energy, g(uw) tends to be ( lition relationship betweer . 
hai felationemp detween VDVNI 
sensitive Tunction of energy than tl 1 rhis relationship is taken 
flux, mv, which will be roug | to be of the form ps VI 
tional to l/o,. For this | 
a . 
preferable to perform. tl equire - w wW ) 
averaging ol hq l over the ere «@ ind @ are a] ute 
energy groups in terms t| = nataniia | » v 
i _ ( n kg 5) 
In terms of g, Eq r 7 ; 
Particular Schemes 
l 
v Seve choices 
dko,0 Ee I ( 
0 ‘ Ist in t (ne e 
a 2 relerre ti r e A = 
0 ¢ to setting ( | 
It has been assumed that t ; equal to f.am » f o 
are constant ina give! ( Her the group equati Kq. 4 ( for ene 
that the diffusion coe t ne th embly co tl t f 
brought in front t] genes saab ides PEERS , * 
/ g vi\ alu 
operator ( V t! spatial Ve y Phe 
To vo fro 2? in < 
Po go fh m hq. 2, in solution is not se thy es 
tinuous variable, to g ( 7, ( ) it is us eee 
tions, gq. 2 is integrate t| Lo of experience, t ( le ite 
wn s Inwaesths r ; d : 
to w over the logarit } , the first , 0) f 
l corresponding — t | N 7 e somewhat g me 
KroUp, 1 , ind. ng 
We then obtain the fusion the l i eutron source it e less tl 
| have been used at inte ces be groups s h 
l = V { ( ) ( aifterent medla rhus the ‘ eul 
ALTO . = 
ve neutron densit\ I eme B e equ 
( : ) if ie A but sit it S 
The averages are with respect t ia it has the disa or S sed be- 
the group. The superscripts O 1 J urrent At Oak Ridg tion 
indicate values of g at the high ind eme B has _ be h 
low u end of the group, respective ( : ) V(q)s lear relationship ed te d 
Thus, gi! is the degradation into tl STF tr iavg r the flux rather the s ng 
ith group from the previous grou ( ide continuous. lown density. Thus 
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n x n 7 nl”) 
( ) (q g (10) 
to. ve 
Since 
£o,)° nv®: q! fo,)' nv’? (11 


Equation 10 corresponds to 


wW 1/&o,)'/(2/ Eo.) ave 12 
1/&o,)°/(2/ Ee.) ave 

In this scheme, nv? and nv! as well as 

Nave are Continuous across interfaces. 

This tends to reduce oscillations at 

boundaries between highly dissimila: 


regions 


Accuracy of Method 
The accuracy of the various schemes 
investigated by comparison 


» age-theory result for a bare 


reactor (or a single spatial Fourier com- 
ponent in which case V? q —k? q, 
where k is independent of energy. 

If S(r.u 0 iq 2 yields 


‘ + ¢ | du’ S(r,w’ 
t 


k? 
— du (M4 
1 Paes oO; 


| juation 7 has the solution 
| Wl 
| Wout 


; ; 
| S du (lo 
l+wor Ju 


Hence f the source term is neglected, a 


omparison of eg. 13 and Eq. 15 shows 


that the assumption of Eq. 5 is equiv- 


ilent to replacing ¢ by (1 — wir 
For small wz, the ex- 
ms agree only if @, + @» ‘ 
Scheme B with w w 1/2 gives 
thie best representation = for small 
ntermediate values of x since 
the quadratic terms in the ex- 


sion also Unfortunately, 


agree. 


») 


| r/2 1 + (z/2)) 


goes to —1 
irge x instead of to zero as does « 
Tl n scheme B the higher 

that correspond to large k, 
treated 


modes 


and hence 


large xz, are ncorrectly. This 


*In the Oak Ridge formulation de- 
ped by D. K. Holmes and associates, 
is taken to include the absorption cross 


as well as the scattering cross 
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leads to oscillations in g from group to 
group and, in certain cases, even to 
the group 


widths are taken sufficiently small, the 


negative values for g. It 
oscillatory troubles may be unimpor- 
tant. 
suitable for 


Thus, scheme B is particularly 
calculations in which a 
large number of groups are used and 
high accuracy is desired. For calcula- 
tions with a comparatively small num- 
ber of groups, scheme A is preferred. 
If it happens that the assumed value of 


f satisfies the consistency requirement 
Iq ,dV f q? d\ Ly | q°? + gydV 


then, as far as the fundamental mode is 


concerned, scheme A is_ effectively 


the 


2 


equivalent to scheme B. For 


higher modes (large x), 1/(1 + fxr) ap- 
proaches zero, so that even though a 
good approximation to ¢ is not ob- 
tained for these modes, they are damped 
sufficiently to prevent oscillations, 
The Oak Ridge 


scheme B will be accurate for small and 


modification — of 


intermediate values of x provided that 
Eo, does not vary appreciably over the 
energy range of the group. Then, from 
Iq. 12, w; and w» will both be close to 
1/2. 


in general, not be satisfied exactly in 


The condition @; + w» 1 will, 


this scheme, but in practice this will 
not introduce serious errors. 

All the preceding schemes have the 
common property ol 
That is 


conserving neu- 


for each region R 


trons. 
Jr ’ 


q,;! d(vol 

Ih, ‘ t 

4 [ | Sdud(vo 
R Jt 


’ d(vol) 
we | NV d(vol 
IR 


D |v VV; d( surface 16 


t 


This is obtained bi 


over the volume of a region, R. 


integrating Iq. S 
since 
continuous at all 


holds 


neutron current. ts 


interfaces, the conservation law 
for the assembly as a whole. 

Closely related to 
law is the fact that the multigroup 
the 


velocity equation if the absorption and 


the conservation 


equations reduce to proper one- 
transport cross sections are independ- 
This is the basic reason 
that 


can be obtained with a comparatively 


ent of energy. 


good reactivity results 


for the 
small number of groups. Even though 
neutrons may, in effect, be assigned to 
slightly incorrect energies, no neutrons 
are actually lost from the accounting. 
Since the cross sections are, in general, 


not sensitive functions of energy, the 





errors in spectrum do not lead to cor- 


respondingly large errors in reactivity. 


Adjoint Equation 

The adjoint functions are useful in 
first-order perturbation calculations in- 
volving reactor materials and cross sec- 
tions and in the interpretation of many 
reactor experiments.t Since the multi- 


group or age-diffusion equations are 


not self-adjoint, a separate solution 
must be obtained either by writing the 
the 


1 and then deriving multigroup 


system adjoint to age-diffusion 
Iq. 
adjoint equations in the usual way or 
by writing down the multigroup svs- 
tem adjoint to the multigroup Eq. 7. 
These two methods of approach lead to 
different 


method 


adjoint systems of slightly 


form. We prefer the forme 
since, In this case, the physical rela- 
tionship of the adjoint function at the 
high and low energy ends of the 1 
| 


oup 


W hile 


to the group average is preserves 
it is not in the latter case 
The system adjoint to Eq. 1 is 


l 
Vv vm + 


» 
OO +, 

: am 

to + po, ym du li 


l 
v Vn t Og7MN"7 a l Xx” du 


» 
oO; 


ogi 


1 

The energy dependence of the source 
term in Eq. 17 is determined by that 
of the The 
spatial dependence is determined by 
[x(n This pro- 
portional to the iterated fission proba 
bility at 
spectrum, 


fission section, @ 


CTOSS 


rou) du integral Is 


averaged over the 
ie., to Fur). If 


normalized to be 


pomt r 
fission 


mr Is equal to 


the iterated fission probability FUr.w), 4 
The 


Fu(r) plays the same role in the adjoint 


then {x m du F wy. function 
problem as does the power distribution 
fnvo, du, in the original problem. In 
fact, from the viewpoint of the section 
on analytical solutions, Py is adjoit 
to the power distribution. Just as, in 


the flux equations, a spatial variation 


t The use of the adjoint equa 
neutron diffusion problems is due to I |’ 
Wigner 

t The function F 


is defined by 


proporti il tom 
the relation 
m nvay due 


I Ilenvo ym du ! 


and is called the iterated fission probability 
It can be shown that Fi(r,u) repr 


number of fissions that occur per generation 


esents the 


atter a 
rted into 


a large number of generations 


neutron of lethargy u has been inse 


the assembly at point 
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for the power distribut 
sumed and the mult 

mav be used to calculate 
power cust bution <4) 

distribution be assumed 
the adjomt equations use 
the resulting Fy(7 \ 


flux « quation, the correct 


tion With position is detert 


consistency requirement 
issumed and calculated 
the adjoint function doe 
peiths neat the reflect 


oceur mn the power list 


If Iq. 17 as divided 
oy ited over oa let} ge 


equ ition is obt 


The superscripts 7 and 
the low energy (high w 
low a) ends of the grou; 
posite to the usage in tl 
flux equation since in the 
tion the degradation 


energy to high energ 


change in sign of the let! 


tive term The hbounda 


at interfaces are that 


bea! ei 


ire continuous. These 
boundary conditions ¢ 


and (1 3e Ym are cont 


<olved in the usual w 


ture of the equations int 
no simple conservation 


Is possible to derive 


for individual regions 
~ hot continuous thre 
CONTINOUS i SS | 


ure of conservation to te 
erty of the original id 

It arises from the fact t 
outside the derivative of 

to uw, 
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a ‘ 
( lati nea essent tlie 
ig. 2 witl ( ( 
/ t tual abs { ! 
dg do uwided tf thie tu 
t s section o Hence 
+ ' that Re vy t 
( T mn « neutre . ( 
( Thi? rep ed tb ) | ( 
ed by M In addition, thi t 
t section must be | 
th the etual Sectiol 
iting the equ ilent oO 
t ry ised in the « ( tion 
t ~F | T 
t should be noted that in the oint 
tigroup equation corresponding to 
7 or 19 there sas e te 
groups since oy, Is finite ta 
( Mi In the high energ Yroups 
ever, the source term is ! 
unimportant since a IS STi 


djoint function does not vanis! 


mes small as the energy increases 
esponding to the small probabilits 


tan extremely fast neutron will not 


e from the assembly The se 
nt culation mav be carried to as 
energy as desired, but for prac- 
rposes, it Is not necessal to 
thie t i tions to ene es or hie 
thie portant range ot the ‘ 
ect I 
t ittering ma ¢ led 
t ljoint iultigroup ¢ rust ns In 
the LIne anne is e flu 
tions Phe nelast . tte yg 
itt i ou e ter! thi equ 
the ith group that Is ; 
t the l ol the ¢ ss sect e 
st tering fre the it 
eucl ) t he ( ‘ erg 
es the adjoint fi t 
ponding groups 
3 the eigen ue, 1 t he ve- 
h equation kq | 
equation (Eq. 17 st be th 
the Utigroup ap} tions 
these equations W have pprox 
thes e eigenvalues | - 
. the yreement betwee S 
( 1 the two tigrou 
! = been satistucts 


METHODS OF SOLUTION 


i M energ froups I 
t egions for wil SOlUTION. Is 
A ed influences the choice of methods. 
LOuityv of ¢ culating facilities 

Dearing n ti O1ce 


I wil pie qs 7 and IS can be 


t e g IDS ¢ tw three spatial 
ey We! t solution ( mes ¢ 
tre l hers ( ( In¢ 0 thie 
( ! mre T wethod ~ 
( ( Ou met! e based ol! 
0 i sources lstribution Ol 
( t Ds and l iting the ‘ 
lit v eut n flu I ¢ vrou . 


( ri starting Tron the highest 


energ group.” From the calculated 
flu es i hew HSSLO! list! bution Is 
tpt ned The ratio of the source 

( ot tT the nu ay HsSSlOns pre 
edo is then a first approximation to 


is defined as that value of 


ould make the assembly just 


he reactivity of the assembl) 

Phe Css Cun De epeated, starting 
th the ne ission distribution as the 
e, until sell-consiste dentical 

f ind calculated fis mn distribu- 





he uraecy of the ilue of v. ob 
t ( I particular st eof the itera- 
t ess tha t ilar assumed 
( ipe) can be imy ed by using 
t the For a specific assem- 
( eCnl cdetine thie function 
Pr hich gives the number o 
( init Lmie t point r due 
i eutror sert¢ in the as 
s¢ t nt ire here 
‘ t 1 ect The quan- 
Tit The € rel le Thre nteg il 
\ 1 N / {| 
Here .\ s the numbe f Ns pt 
{ ( \l! ryurie I 
( ‘ t 1 to be ( thie COre 
I 1 equati 
’ KCC] hat the 
‘ eutl 
1 the the 
‘ i t the ‘ 
i iw b v 1 energ 
grouy 
‘ t ] 7 
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The adjoint equation has the form 
| J ’ ’ 
Vir (Mir) P(r r’) dl 

The adjoint function M(r) appearing 


in this equation is proportional to the 
adjoint function m(r.u) defined in Eq. 
17 averaged over the fission spectrum. T 
Thus, it 
iterated fission probability for fission 


is proportional to Fu, the 


neutrons as defined in connection with 
the adjoint equation, If the integral 
for Vis multiplied by W and 


integrated over the core, we obtain 


equation 


| hy N( P(r r’)M(r’) dV dv’ 
v {NG)M(r) dl 
If slightly incorrect functions are in- 
serted for NV and VM, the error in v, will 
be of the order of magnitude of the 
product of the errors in NV and M. In 
particular if the correct function is 


used for either V or M, the correspond- 
ing value of v, will be correct regardless 
of the error in the other function. In 
applying this expression for y,, it is not 
necessary to work explicitly with the 
kernel P(r’ — r 
the spatial distribution of fission neu- 
Nv(r),ft then the 


defined by 


If one assumes for 


trons the function 


function \ 


\ V,.(r’)P(r’ — r) dV’ 


represents the fission distribution re- 


sulting from the assumed source No. 
The function \V,; may, therefore, be cal- 
the multigroup 
method by using for S(r.w) in Eq. 1 the 
function x(w)No(r). If Mir) is 


proximated by the function Mo, the 


culated directly by 


ap- 


expression for v. becomes 


1 fMoN\ dV 
i | V V,dV 


(19a) 


Note that the normalizations of Vy and 


Vy are irrelevant in this expression 
since if Vy is multiplied by a constant 
factor, V, will be multiplied by the 
same factor. If the very crude as- 


sumption is made that .W, is independ- 
ent of position, the above relation gives 
vy. as the ratio of total neutrons in the 
assumed source divided by the total 
number of fissions resulting from this 
source.§ In practice, it is possible to 
make a considerably better assumption 


for My. On the basis of adjoint func- 


same as the function 
V 4) used in Eq. 19. 

t Here represent the initial 
assumption for the fission distribution or 


tIt is not the 
miay 


may be the result of one or more iterations 


of the initial assumption, 
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tion calculations, it appears that MW can 
often be fairly well approximated by 
cos kr, where k =m dry; ro is the core 
Another) approximation  oc- 

employed is M, ie 


The insen- 


radius. 

casionalls 
*) where a = 0.5. 
to the form of My is an 


(ar?/r 
sitivity of v 
indication of the adequacy of the choice 
of \ 

A further increase in the accuracy of 
ve. Can be obtained by calculating an 
improved approximation .W, for M by 
using the initial assumption Wy as a 
source in the adjoint multigroup equa- 
tion (Iq. 17). AW, will then bear the 
same relation to Wy as Vy bears to Vo. 
Thus, 


Myr) {(P(r— r’)M,y(r’) dV’ 
It is interesting to note that replacing 
M, by M, in the equation for v 


exactly the same result as assuming .V, 


gives 


for the source in the multigroup equa- 
tions, calculating the resulting fission 


distribution V. and using VW, for the 
adjoint function. Thus 
1. fMoNe2dV 
vy. fMeNi dV 
{{N\PMyaVdv’ | [NM av 
{[NouPModVdV' JNoMyaV 


In practice, it is often preferable to cal- 
culate .V, instead of .V. (to iterate the 
adjoint function once and the fission 
distribution once rather than to iterate 
This is 


because it is often desirable to know the 


the fission distribution twice), 


adjoint functions as accurately as the 
Whereas Ve is 


usually not a great improvement over 


fission distribution. 
N,, M, may be a substantial improve- 
ment over >). 

In the 
methods will be discussed for using the 
obtain NV, 


following sections specific 


mult igroup equations to 


from Vy or M, from Ms, 


Semianalytical Methods 

This technique is based on assuming 
a sufficiently simple analytical expres- 
sion for the source S that the individual 
group equations can be solved analyt- 
ically. If the source is expressed as a 


linear combination of eigenfunctions 
of the Laplacian operator, then it is 
possible to calculate the entire neutron 


The 


slowing down densities in each group 


distribution group by group. 
and region will also be linear combina- 
tions of eigenfunctions of the Laplacian 

§ This is the value of v, obtained without 
making use of adjoint theory. 


operator. Thesolution for (q))ay, in eq. 


7 fora particular region and group will 
be a linear combination of the functions 
that appear on the right-hand side of 
the equation (1.e., those functions that 
have been introduced by the source and 
the the 
homogeneous solutions of the left-hand 
site. The 


previous groups) plus two 


coetlicients of the homo- 


geneous solutions are determined by 


the boundary conditions at interfaces 
and at the outer surface of the reactor. 
In this way, it is possible to solve the 
equation lor each group inh succession, 
starting with the highest energy group. 

It is convenient to take for the source 
the 


an orthonormal 


function a linear combination of 


first few members of 


set of funetions. If J functions are 
used in the expression for the source, 
the resulting fission distribution can be 
calculated from the multigroup equa- 
tions in terms of the J arbitrary coefti- 
cients in the source expression. It is 
then possible to obtain J homogeneous 
linear equations for these coetflicients 
by requiring that the coefficients of the 
first J terms in the expansion of the cal- 
culated fission distribution are 1. y, 
times the corresponding coefficients in 
The 


ment that these J equations have a 


the souree expansion. require- 


solution determines v,., and the corre- 
sponding solution for the coefficients 
determines the best representation of 
the source in terms of the J functions. 
This procedure is equivalent to writing 


J 
mM = Y¥ Be. 


where @; represents a member of the 


orthonormal set, and calculating 


\ BP a, 
1 f{MPNavav oF 
p pMNav vs 
where 
Pi; Norn) P(r a Qo r’) dV dV’ 


If it is required that the variation of 
this expression for 1 v, be zero for var- 
iations in both a, and @,, linear homo- 
geneous equations will be obtained for 
both a, and 8;. The equations for the 
a,’s will be the same as before and so 
lead to the same value of v,. Further- 
more, the equations for the ,’s can be 
solved and will provide the best rep- 
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resentation for the 
terms of the first 
orthonormal set 

The above consid 
that the number, / 
ploved in the expre 
does not have to be 
aecurate value 
good results may be 
equal to two or thre 

The principle diff 
lytical method is that 
volving it large num 
regions, the number 
are introduced is 
culation of the 
comes quite ted 
considerable cance 
numerical caleulation 
culations must be 
eare However 
lems with four or 


method is quite fe 


Numerical Methods 
When the number 

or the number ot 

greater than two, it 

Kg. 9 by numer 

spatial integration 

group equation ol 

formed numer 

sph rical svmmett 

Wil Mquation 9 


the substitution 


rNV;.Q 


« 


Then Eq. 9 beco 


DD 


(1 
Then. divide. the 


1 set of subinter 


let the index n ref 


tions 


that 

in the expre 
for ve 18 Indeper 
neutron source 
distributions w 
independent 

one can aeteri 
for the adjoint 
linearly indeper 
requirement t) 
obtained for 


functions 


28 


In 


t 
i 


expressions 
ght and let 


juated The 


substitution 


different 
terlere 


for the neutron 


mined UnIG UE 


used lol t hie 
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ematically even though they have 
no physical significance. The current 
boundary condition is thus of the form 


are several methods based on the prop- 
erties of the Wronskian of the original 
differential equation that avoid this 


difficulty. 


R. H. Stark (KAPL) has Eqs. 28 ha 


ve the 


same 


is solved for the F’s from the outside to 
the center starting with F,, 0 
extrapolated end-point. 


at the 


math- 
ematical form but different constants 





| - F - (Fysar + Fry—ar) suggested a procedure that is partic- 
e ° ularly convenient for solving the equa- at a boundary n = m between two 
\ I _F tions on fixed decimal automatic different media. Again letting primes 
2Ar : ve computing machines. The method in- _ refer to the outermost medium, we have 
(27) volves introducing new variables a, 
} | - ' : Page! +Fy-ae’) and 3, that are related to the homo- as - Ar’ 1 
) th geneous solution A, by the equations sAr a» 
\ Pee : 
INAr I = <2 N—Ar’ ) 4 *. / mre id k’ — -lorn ” 
~ a, and 2, \ A;— _ 
where / D’ Dd. nf A, : l Ar’ 
Mquation 22 may be solved by start- : Pm pln 4 & Y Gr ) fe 
ing both a homogeneous (J, = 0) and cneee quantities, which are not sen- Per 
a partic ular inhomogeneous solution at sitive functions of nm, may be calculated j _ 
- 0 and carrying them independently directly by means ot the following car 
to the oute: boundary. Then the linear recursion relations from Iq. 22 By I,’ + P lor n ’ 
combination that goes to zero at the 1 8, ay 
extrapolated end-point is taken as the = k hy Vr a + I, (28) where 
final solution. This procedure works ae ; ~ D’ | Ar’ Ar’ 
well only when the group width is large ‘The solution for the a’s is started 8 D’ p “ (~ ao ) 
and the absorption is small. Other- With a: = &. The succeeding a's are oe 
wise, serious loss of numerical aecuracy bounded and lie het eta I and K ph + (: + = ) Z 
is encountered due to the exponential k k < 4). The solution ead the fis vi si 
increase of the homogeneous and par- is started with 3 I. Phen (. = ') 2Ar’ 
ticular solutions with radius. There F, F, + Bn)/ Anat (29) 8s} 3rm 
TABLE 1- Volume Composition TABLE 2.Nuclear Properties of Reactor’s Components 
Microscopic cross sections (barns /atom 








Core Reflector Lffomic density, N 
Component I atoms “em? O, os a 57 
60.00°7 moderator 75.00¢% moderator : ™ , , - ~ 
‘ aa 0.0478 = 101(0.025/E)" -549(0.025/K 650(0.025, B)'2* 0 
10.0067 structure 5.00% structure Structure 0.10 3(0.025/F ls 0 10 0 
1 326 , Moderator 0.125 0 0 1 0.8 
28.68% void 20004 void * Os, 18 assumed equal tO dq o + oy 
TABLE 3—Neutron Balance Sheet* 
Core Reflector 
Rana nou Core 
of fission Deara- Absor p- De gra-  Absor p- Groupt Gro ipt 
nerau group f. m Sreste eS source dation tion Fission Escape dation tion Escape source removal 
0 | 0.25 0.25 0.1250 0.1069 0.0000) 0.0000 0.0180 0.0180) 0.0000) 0.0000 0.1250) 0.1249 
| 2 0.61 0.60 0.4450 0.4581 0.0002 0.0002 0.0986 0.1115 0.0002) 0.0000 0.5699 0.5700 
2 ; 0.83 0.74 0.3000 0.6470 0.0007 0.0006 0.1104 0.2207 0.0012 0.0000) O 8696 0 8696 
; 6 1.05 0.78 0.1300 0.5720) 0.0069 0.0054 0.1982 0.3906 O-0281 O 0001 O.9977 0 9977 
( 9 1.10 0.90 0.4447 0.0252 0.0199 0.1021 0.4327 0.0595 0.0006 0.9626 0.9627 
se) 12 1.25 0.95 0.29056 O.O857 0.0672 0.0633 0.3991) 0.0731 0.0238 O.8774 OL877S 
12 15 1.55 1.05 O.1158 O.1866 0.1463 ~0.0068 0.3063 0.0769 O.0091 O.6947 0.6947 
15 17.5 2 00 1.10 0.0201 0.1336 0.1054 0.0379 0.2066 0.0413 0.0205 0.4221) 0.4221 
17 .5-19.8 3.00 1.2 0.0016 0.0473 0.0373 0.0287 0.1121 0.0275 0.0383 0.2267 0.2268 
19.8 (thermal 0.0264 0.0208 0.0248 : 0.03847 0.0526 O.11387 O.11387 
Total, 0-19.8 1.000 - 0.5126 O.4031 0.4874 0.3424 0.1450 
* Normalized to one source neutron in the core. The calculations on the 604 are programmed to keep 5 places to the right of the 
lecima » balance quantities. Thus, round-off errors may lead to small discrepancies in this 4-place summary 
t Core fission source and core and reflector degradation from previous group. 
t Core degradation and absorption and reflector degradation, absorption, and escape. 
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\ sample caleulation t 
the previou 
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y scheme A 
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rounded by a 2O0-e1 
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Table 1, and = eross 
shown in Table 2.0 The f ' Core power distribution FIG. 2. Slowing down density for 
capture cross section , = three energy groups 
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process (right), is converted to metal for pile irradiation ot Wind 


FROM URANIUM ORE .. . At Sprinafields, ore is powdered and 
Capenhurst gaseous-diffusion plant 


dissolved in acid (left). Tetrafluoride, obtained in Dryway scale and to hexafluoride for 


separation plant (left) re- background in right photo); purification plant (center) purifies 


TO PLUTONIUM .. . At Windscale, 
uranium for conversion of Springfields to UF, for Capenhurst 


covers plutonium produced in two production piles (buildings in 


run between 


AND TO URANIUM-235 . . . At Capenhurst, uranium hexafluoride is controlled from deck above cells (left); corridors 
s put through gaseous-diftusion cells for U separation. Process rows of cells (right) 


THREE INSTALLATIONS constructed since 1947 pro- 


How Britain —— a 


ore is processed at Springfields, plutonium is pro- 


4 4 d ced he ‘euctors { W dsc: le, and uran - 
renee Fee 
diffusion plant. 


s 
Materials These pictures are the first released of British 
atomic energy production facilities 
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While gamma rays can provide more 
uniform distribution of energy in irradiated 
material, the efficiency of utilization 
is much lower than for beta particles. 
Related problems of ionization distribution 


and bactericidal effects are discussed 








for both types of radiation in this article 





FIG. 1. Distribution of ionization in depth of aluminum produced 
by cathode rays of different energies (2) 


RADIATION STERILIZATION VI 


/ \ ~ "Sn, 
. J | \ ‘ me 
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Relative Merits of Cathode Rays 


and Gamma Radiations 


By SAMUEL A. GOLDBLITH and BERNARD E. PROCTOR 
Depa tment of Food Technolo Va whusetts Institute of Techno 
Cambridae Vassach 


Two PROBLEMS are basic to the choice previously (7). Other articles in this respect between beta particles on the 
of type of ionizing ra lintion ! eries ave considered the sources of one hand and gamma rays on the other. 
zation purposes ne relates » the onizing radiations; this article will Energy distribution. With cathode 
source (machine vs. isotope f radia liscuss utilization aspects when beams — rays or beta particles, the distribution 
tion and to the many factors inv ed f these radiations are of sufficient in- of energy within an absorber is non- 
in obtaining the desired ition i tensity for sterilization purposes uniform. This is illustrated by Fig. 1, 
sufficient quantity ‘he other relates vhich pr curves showing the 
to the utilization o bie tvees Absorption Characteristics listribution of ionization in depth of 


radiation insofar as the product to be lo evaluate intelligently the variot iminum produced by high-energy 
sterilized is concerned t t s that must be considered cathode rays Pal, Figure 2 represents 

Only beta’ particl thod tudy of this nature, one of firs i single ionization-in-depth curve for 
and gamuina ravs (X-1 ! ( points to be examined is that of ab- — 3- vy cathode rays, drawn in detail 
sidered for sterilization | Pos f ption of ionizing radiation In matter. will be observed that the rela- 


reasons for this have ee! Liscussed ere = a radical difference in this tive ionization varies tron % at the 
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FIG. 2 
doses of cathode rays (3) 


f the absorber to LOO at one- 
the the 
The ioni- 


maximum range ol 
ir energ\ electrons. 
then falls off rapidly to zero at 
iximum range for the particular 
evel. Therefore, with a sam- 
g a thickness of 0.55 gm em®?, 
iriation in dose of 3-Mev cathode 
ceived from top to bottom of the 
her would be 40%. 

significance of such nonuniform 


1 
} 


mhomogeneous distribution — of 
nsofar as the relative bactericidal 
= coneerned, will be discussed in 


At 


rtant to realize that for specify- 


letail later. the moment, it 
ver requirements on the basis of 
sterilization dose, the experi- 
determined dose at the point 
mum ionization level in the ab- 
hould be used in calculations. 
and chemical dosimeters 
for dose levels that represent 
In the 


the average 


al average doses, 


ithode dose 


rays, 
ffer considerably from the mini- 

entrance dose, For example, 
3 \ley 


f 0.55 gm 


electrons and a sample 


em?®, the relative dose 
entrance is the minimum dose 
the 


curs at the bottom of the sam- 


b0% of maximum dose, 


he average dose is three-fourths 


‘xit (in this case, 


MAXIMUM) 


Efficiency of utilization. Minimum, 


and maximum doses are as 


beta 


are 


int for gamma rays as for 
experimental conditions 
1 that variations in dose of as large 


LI tude are found with the gamma 
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lonization in depth for maximum, minimum, and average 


FIG. 3. 
cathode rays (4) 


radiation. In general, however, varia- 
tions in distribution of ionization den- 


X-rays 


magnitude 


sity with gamma o1 are not of 


the same order of as with 
beta ravs, for equal depths of absorber. 
Moreover, the absorption of gamma 
X-rays 
different (4) 
3). 


Is exponential, 


in matter is entirely 
that of beta 
Absorption of gamma rays 
the 


ravs (Or 
from ravs 
lig. 
maximum 
There- 


and 
finite number, 
first that 
X-ravs it is difficult 
of efficiency 


range is not a 


fore, it appears at glance 
with gamma- o1 
to attain the same degree 
of energy utilization as can be attained 
with beta rays. 

It has been previously pointed out 
5) that with cathode rays one might 
utilization of 

the 


order of magnitude of 75°% if the ab- 


efficiency of 
of the tube of 


expect: an 


energy coming out 


irradiated from two. sides. 
With X- or gamma radiation 
the efficiency of utilization by the ab- 


Vitro Corp 


sorber is 
however, 
sorber is much less i) 
has calculated that efficiencies of utili- 
zation of gamma radiation are much 


14.7% 


sources and 31.8% 


lower: about for solid-evlinder 


hollow-evlinder 


lol 


‘aleulations made by 
Vitro data (4 


efficiency of utilization as 


sources,  ( us, 
indicate an 


1% 


using 
low as 
for plane sources, 

From the point of view ot the proces- 
radiation source 
the efli- 
utilization of from 


who might 
fe od 
ciency of 


Sol use a 


for sterilization lower 


energy 


gamma rays means increased source 


activity requirements I a radioisotope 


emitting gamma ravs is chosen as a 


radiation source. Furthermore, with 


Distribution of ionization in water by 3-Mev X-rays and 


gamma ravs, as with beta particles, it 


is necessary from a microbiological 
standpoint to know the relative impor- 
variation in the distribu- 


tance ol any 


tion of ionization density through a 
product 

Quantitative study of distribution. 
Although the supplier may be able to 
provide a sufficiently large isotope 
source to take care of the increased re- 
the 
lower efficiency of utilization, it is still 
to 
the 


gamma radiation within a produet, in 


quirements made necessary by 


of importance have quantitative 


knowledge — of distribution — of 


order to be able to spect the Thiltil- 


mum dose devel within the absorber 


and thereby to calculate the through- 


put ol product. 


Some rough preliminary calculations 


have been made of the variation 


in distribution of ionization density 
within absorbers in the case of conven- 
tional packers’ cans, which might be 
bombarded by gamma radiations emit- 
ted 


metrical sources, 


from two different], 
The results of these 
band 5 


presented = in 


shaped geo- 


calculations are shown in Figs 
To the 


these figures, several assumptions have 


obtain eurves 


been made, but in general it is felt that 
these curves approximate the true pic- 
closely when such Sources 


ture fairly 


are actually used (/ 

With isotopic sources of hollow ey- 
lindrical shape, it can be seen from 
t that there should be little varia- 


tion in dose distribution in an orange- 


Fig. 


irradiated within a 4-inch 
With a No. 1 pienic can, the 
1O% to 


33 


juice) can 
source, 


Variation is only from 50 








FIG. 4. Variation in distribution of ionization FIG. 5. Variation in distribution of ionization density within 
density within absorbers irradiated by an isotopic absorbers irradiated by an isotopic source of solid-rod 
source of hollow cylindrical shape shape 


60%); with a No. 2 


namely, 20%. 


With isotopic sour ( consist t it ' 1] efficiens a ie 


ing of a single lid, rod 5) 4 he particular type adiation used f ionization densit 
Variation in dis ib l nIZaAch raose Ul nay has | ill i bv exposure 
density within an abse nsicle ( bed previous! Mathemati 

ably vreater imount rt he equate have been derived I col t 

ah orange-julce can, 386 \ | ! t etfect of nonuniforn 

picnic ean, and 460% \ on on » proportion otf 


In the case of the No in, f | ing a given dose 


tion approaches that 
an absorber | oem 
with 3-Mev cathode 

Inall probabilit 
tube or multiple 
used, which she 
tron ft ionization 
ibsorl tna 
fiom Of gadis 


ore, these ealeulat 
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— i | bacteria, the entrance dose TABLE 1—Theoretical Comparison of 

distribution Bacteriological Effect for Samples 
perenne senenre eul I fo riiization purposes Given the Same Average Dose 

ation therapy ! { ‘ ig . 

replete with 

energ 

posed 

there 

data on 

posed to 

lindrieal sour 

fundamental 

Ing Isotopic soul 

and should be une 

isotopes of thi 

sterilization pur 


sufhicient quantit 


Nonuniform lonization 
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veneous distril 
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two aspects 
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ibsorption of approximately 6,000 rep 
s required to effect a 63% destruction 
of bacteria, whereas with nonuniform Next month in NUCLEONICS: 
ionization an absorption of 10,000 rep 
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adh carpig Scintillation Counting Today 


From a practical standpoint this is 
of importance in food processing, be- An up-to-date report of practice and theory, including a detailed 
cause it is unlikely that in such proc- review of the Scintillation Counter Symposium plus many of the 





essing very thin samples will be avail- major papers presented in full 
able for most operations, On the 








contrary, it is expected that the radia- 





tions used for sterilization purposes 
will have to penetrate very thick sam- 
ples, and if nonuniform distribution of | instead of single-rod sources. How- nology under sponsorship of the U.S. 
ionization density occurs, the relative ever, experimental confirmation of this Atomic Energy Commission, to com- 
bactericidal effectiveness of that par- assumption is still needed pare the effects of beta and gamma 
radiation from a microbiological point 


ticular radiation will be less. There- a 
Bactericidal Effects ol view. These studies were made 


fore, it behooves anyone interested in 
utilizing either beta or gamma radia- From the standpoint of utilization under strictly comparable and con- 
tion to achieve as uniform as possible — of radiation, it is also of importance to trolled conditions of dosimetry and 
distribution of the beam within the know the relative bactericidal effects bacteriology. 
| of equal doses of beta and gamma radia- Some of the data obtained for FE. colt 
for samples of equal tions. Reports are notably lacking of and B. thermoacidurans are summarized 
thickness, the distribution of gamma intensive comparative studies on the in Table 2. They indicate that there 
ition is better than that of beta — relative bactericidal efficiencies of beta is no essential difference in the bacteri- 
ition. However, because gamma and gamma radiations under strictly — cidal effects of beta and gamma radia- 
ition is recommended for steriliza- comparable conditions of irradiation tion, provided that in the case of beta 
7 conventional packers’ con- dosimetry and bacteriological tech- rays the sample is thin enough for uni- 
ners (rather than for containers of niques. Attempts to correlate the form distribution of ionization density 
1 to 2 em thickness), and beeause with scattered information in the literature to be attained. When, for instance, a 
ners of such thicknesses there is have revealed the inconsistencies of sample of 0.51 gm /em* thickness is 
rable variation in the distribu- available published data as well as chosen for irradiation by 3-Mev eath- 
onization density, it is of the problems that one might expect to ode rays, beta radiation does not up- 
importance to improve the encounter. pear as effective as gamma radiation 
on of ionization from solid- Recently. studies have been initiated beeause of the nonuniform ionization. 
Technology Laboratories Further investigation i erway in 


ine sources, This may he in the Food 
n part by using multiple-rod at) Massachusetts Institute of Tech- these laboratories on o spore-form- 
ng Organistis 





TABLE 2. Comparison of Effects on Bacteria of Gamma Rays from Cobalt-60, 
and X-Rays and Cathode Rays from a Van de Graaff Accelerator 
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This article 


the Department o 
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Logarithmic 


D-C Ratemeters 
for Scintillation 


Counters 


By H. D. LeVINE 
Instruments Brane 
Health and Safety Labora , | | 
Vew York Operations Off —_ a | | 
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FIG. 1. Grid current vs plate current characteris- 
tic of CK533AX 


Five or more decades can be covered without range switching by ratemeter circuits 
that utilize the logarithmic response characteristic of a subminiature triode. 
Advantage can be taken of triode photomultiplier characteristics 


for simple adjustment of mass-produced instruments to a standard calibration 


WHILE P 

plihers 

under 

plicity ot 

tor por 

servicing problems ; per sel equate to supply good itis 3] rd nits reprodueible cal- 
tion of cir nel Lt ft IS POSSIDIE bration chal rl es without elab- 
to create highly sensitive I ite rat reul view of the voltage 
meter equipment that w tol ( vamination of the characterist! ot WII vhen the grid ts permitted to 
form) us Well is PUISE lits number of i V submink STHbiist perating characteristics the 
portable instruments bu \ I ( tubes nad a he heon rid cur versus grid voltage char- 
added features suc is extended oe it ivantage in i stics ure of interest This intor- 


} 


namic range, gh current output the logarithmic res} haracteri lation Is shown in F ; 


the reading circuit, stability over ; tinal trom the relationship of grid As shown In Fig. 1, for i plate supply 


time periods, and simplified circuit l vers ( yf: url oO ») volts, there is a difference be- 
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FIG. 3. 


toge 


CK533AX with photomultiplier 


























FIG. 2. 
tic of CK533AX 


for an open grid and for one 
ohms: with zero biasing volt- 
the 10 


ohm. resistor, the 


{ts to the right It is possible 

ng biasing voltage, /., to re- 

curve not only to the condition 

grid but to swing the curve in 

ion of the straight-line char- 
from 10 down to 10 

It is also possible to distort 

ve with excessive bias voltage, 


n where Kk 


Note that the response curves 


Is brought to 7.8 


ally parallel with a change of 
from IS to 27 
that the 
volts 


upply voltage 


) 


Figure 2. reveals 


does not exceed 2!5 
2!4-volt plate supply; at 1S 
dvnamic range is increased. 

‘he direction of electron flow is from 
the cathode of the CK533AX triode to 
the grid, and therefore the photomulti- 
plier structure is connected as shown in 

Fig. 3, where the last dynode is con- 

nected directly to the grid of the read- 

CK533AX). It 
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out tube will there- 


Grid current vs grid voltage characteris- 


FIG. 4. 


tential varies 


lore assume i potential determined by 


the grid voltage versus grid current 


characteristics of the connected tube. 
Figure 4 illustrates the general char- 
acteristics of the DuMont structure as 














FIG. 5. Grid current vs plate current char- 
acteristic of CK533AX for low |, 


Current variation in dynode-10 as its po- 


one measures the dvnode-l0) current, 


keeping the potential between dy- 
constant, and = in- 


node-9 


node-9 and anode 
creasing the voltage between dy 
and dynode-10 up to anode potential 
An activated iodide crystal 


diameter by 1!5-in. high 


sodium 
Wiis 


light 


1! y-in 
used with a radiation source as a 
source, 

\ potential of at least 


voltage between dvnode-0 and anode 


10°] of the 


must exist between anode and = dy 


node-10 in order that a negative char- 


eurrent tor 


acteristic does not result data in 
Fig. 4 
0.01 mr tn 


resulting from leakages within the mul- 


reveal a negative 


This is the net current 


tiplier tube and is compensated by the 
biasing voltage applied underneath the 
10°-ohm resistor 


Figure 5 illustrates, with linear-scale 


ordinate and abscissa, the low-end 


characteristic of grid current) versus 


plate current for a CK533AX in triode 


connection. It can be seen that from 


open grid to 10° ohms of external grid 
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Crosses Zere 
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FIG. 7. Circuit of Scintamete: 


Laboratory 
lice. are de- 
to un Ester- 
0 to 1.0-ma 


re is de- 


FIG. 8. Components and assembled Vitran unit used in Scintameter 
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KS533AX tubes may be used in 
to provide a range of readings 
0.005 mr/hr to 10 mr/hr with 
meter by 1!5-in. high Nal- 

at a useful plate current 

it maximum reading. This 


the Scintameter has 


1 { 


en designed for prospecting use. 


Circuit calibration. The three 


s for adjusting a survey 


standard of characteristics 


idjustment of the bias con- 
ter the position of float of the 
set the lower portion of the 
ties 

istment of the gain of the 


tube to adjust the character- 














the plate SUpPpIA 








CH533AX to slide the FIG, 9, 


Representative calibration curve FIG.10. Calibration curve for Scintameter 
r to the desired — for Scintameter with Nal(Tl) phosphor with plastic phosphor 


the first two parameters 
controls and the third only 
irve cannot be brought into 
th the standard. Prac- 
CHRAS83AX can be so adjusted 
t which we suspect 


proe essed 


f the crystal detec- 
‘sensitivity of the cir- 
instruments with a 
10 have been con- 
t of radiation 
0.00 o 101 The phosphor 
istic phosphor, ft 1 in 
n. high. 
rill hole logging probe 
l using this cireuit and 
portable, electricalls 
rated in Fig. 11. This 
is especially useful since FIG. 11. Portable drill-hole probe with reel, used with Scintameter circuit 
rom no aetivity to 


f tive decades of in- low output Impedance oO the reading The Scintaumeter operates vithout 
near detecting circuit will — cireuit may be coupled into a transistor, trouble at 10.000-ft elevations The 
his spectrum of sensitivits it is also feasible to use long transmis- use of mereuryv cells is advisable since 
sion lines where the pulse rise time and their voltage characteristi 
d the reading capability ol lecay will be a function of the line tically flat over their norm: 
i transistor circuit has been characteristic It should be noted incidenta 
used and displavs good these same techniques ire: applicable 
nd fun tioning character- Summary to Geiger tubes as well Also suggested 
s possible to expand the The cireuit discussed displays excel- Is » of the logarithmic cireul Ol 
eading from two to three to — lent stability characteristics, has a re- pulse-compression techniques fora wic 
a simple switching  producible calibration and involves dynamic range of pulse 
simple eireuit techniques Because ot 
circuit should also be the resistance values used in the grid 
neutron flux measurements — circuits the equipment will be affected 
conditions where the wide by humidity; sine present day tech- H. Sadowski 
ge is needed. Because the niques involve sealed apparatus, this is aboratory have mate 
nd the author gre 
Scintillatior not a major problem with use of her-  pssance. The 


metic sealing methods and desiccants. yathered by M 


j 
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How to Prepare and Use 
Radioactive Soils 


Detergency tests have long been plagued by the inability 


to measure unremoved soil. 


of labeled soils that can easily be measured 


By J. M. LAMBERT* and J. H. ROECKER 

General Aniline & Film ¢ 

Raston, Pennsylvar 

and 

J. J. PESCATORE,? G. SEGURA, Jr., and S. STIGMAN 
Foster D. Snell, Ine., Ne Yo Ve ) 


ONE DIFFICULTY In testing ter = quantities of other materials seemed 


or soil-removal qualities in tl bora ssary for the formulation of 


torv has been the probler stic svnthetic soil (3 Uniform 


soiling agents on the nes il re] arbon black of the desired 
strates A washing perfort re Cn pal ize Was therefore selec is 


be anvthing from good ( pool I me ingredient that would Impart 


depending on the effe: ni wit! highly specific, traceable component 
which the last traces ubsequent search for contam 
are removed l ‘Oo 1 t ti ! that uuld be used for decor 
problem, the authors considered racic tamination experiments in the labor 
aetive labeling of carbon constituent ( led to the admixture of fi 

of a synthetic multi-compor t sé oducts to inactive synthetic soil 
deseribed by Sanders and Lamber round at long-lived mixed 

In the ensuing cooperat ~ seem to adsorb primarily 
tvpes ol labeled = soil re Ol tl colloidal constituents of the 


developed at our laboratori thu ntroducing 4a nonspecify 


Selection of Labels 


The svnthetie 
neutron iri 


15 components, mcibding 
and colloidal substances } 

Was obtained in a 
amounts Of iron ON 


Althoug! 
has been the most predot 


blael periment, it is ft 
i | n ue j "| 
' a capes it the attained activation woul 

influenced by the presen 


ingredient in practica nver Ne} 
neontrollable traces that will vary 


tional laboratory wash tests ue 1 | 
n different batches of svnthetice soil 

shown that soiling wit 
bon blacks In large quant ° ° 
Labeled Synthetic Soil 


unreliable results 
a certain small amount of 1 Lium-fine Tl reviously deseribed soil com- 
carbon black in the contained 1.5% Molacco 

Blackt of an intermediate 


* PRESENT ADDRESS 
Pittsburgh 13, Pa 

f PRESENT ADDRESS 
tute of Brooklyn, Brook 


40 


The authors discuss three types 


isample of suitable charac- 


vith distilled water 


Dropping 
funnel 


0h 


Nitrogen 
trop-——--~ 








Reaction 
flask 


» Incorporated 
Was determined 
ive iInacti 


eegure described 


blacks 
found that the 
nental carbo! 
QQ 97) wer 


respect to the Mo 


Work Ol Campbell I 
A uniformly labeled prod- 
luced specific activity Was ob- 
simultaneous generation ol 
{inactive CO 
tvpical active run, about 0.08 


inactive BaCO, was mixed 


vith 3 me of C'*labeled BaCQOs, placed 


the reaction flask, and moistened 


Lact i? acid was 


ropped slowly from the funnel and 


evolving CQO. was trozen out in 


trap cooled with liquid nitrogen. 
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Pressure 
goge 
Furnace - 
wi A 
ne ee a ee 
a sf 
. oe 6 
Combustion if 
tube “Combustion 
boat 


had 


was halted 


Afte sur thic 
condensed the 


lent amount of gas 


generation 
per mitted to 


and the trap cautioush 


i controlled amount of CO 
thus entered the combustion tube 
here it reacted with 5 @m of chem- 


ie manganese in the quartz 


boat at a temperature of about 600° C 
Since the consumption of COs was in- 
Heats DV a sharp pressure drop, the 
reactiol could he periodically re- 


started and safely controlled. 

After completion of a run, the con- 
boat treated 
land passed through a fritted 
te and retained 


with distilled water and alcohol 


tents of the were with 


carbon Wass 


nd iried Different and possibly 

e reliable methods for obtaining 
theled earbon blacks of desired char- 
cteristics were recently described by 
Kur iui Hoffman, and Crosse 
S o claimed that the activation 


best be accomplished by reacting 


ial black with active CO 


it about L000" C 
the 


acks and ot the processed soil 


The approximate activities of 
carbon bl 
determined by counting each 


vere 

sample ina cupped aluminum planchet 
5 mm from a 1.5 mg em? mica end- 
ww G-AM tube; a sample of BaCO 


of known specifie activity served as the 


wince 


The specific activity of the 
the CO.- 
from 1.4 
me gm to 4.0 me/gm; a sample that 


reterence 
carbon” blacks prepared by 
manganese method varied 
had attained the highest specific ac- 
tivity was Incorporated into a S\ nthetic 
of the The 


procedure outlined previously for the 


soil usual composition, 
preparation of inactive synthetic soil 


followed, but the 
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dried soil slurry was ground and sifted 
dry-box to avoid contamination 
hazards. <A 
batch of C'*-labeled soil 
No. 2579-142 


0.8 gm carbon black 


and personnel] tvpical 
identified by 
was prepared by using 
to make 


60 we gm 


3 me 
53.2 gm of synthetic soil 
A very small amount of soil weighing 
only 0.1 mg, when applied uniformly 
on a cotton swatch by spreading and 
3-in® cireula 
1,000 epm 


rubbing the soil into a 


area, gave ovel 


Fission Product, Soil Mixtures 
The mixed fission products were re- 
ceived in HNQOs solutions of high spe- 
eihe activity 
they 
ot | 


soil slurry 


approximately | me/ml 

added to the extent 
part in 1,000 to a 0.2% synthetic 
The rée- 


a counting rate ol 


were usuall 


in distilled water. 
sulting mixture gave 
10,000 epm per drop, and 


deter - 


about 
ther 


genev stuclies 


fur- 
dilution was necessary for 
This was accomplished 
by adding the mixture in’ suitable 
proportions (1 part into 15) to inactive 
that concentra- 


soil slurries varied in 


tion from | to 26% 
After decay 


the main fission-product activity con- 


for six months or longer 


relatively few 


daughters (9). We 


sists ol 
thei 
found that essentially all active constit- 


Isotopie cations 
and active 
uents of the aged fission products ad- 
the colloidal 
The 


same adsorption mechanism has been 


sorb uniformly onto 


constituents of the svnthetie soil. 


used successfully by Hatch and Ginell 


(10) tor disposing of radioactive cations 


© The initial pH value of a slurry made 

with this active carbon black was 2.3; after 

a short treatment for 10 min at 
, 


900° C in a Ne-atmosphere, pH rose to 7.2 


heat 


<@ APPARATUS for preparing radioactive 
carbon black 


and fission products; they al 
that the 
permanently fixed onto montmorillon- 
heat 


so showed 
adsorbed materials can be 
ite and other clay adsorbents by 
treatments at varving temperatures up 
to 1,000° C. the 
position of the synthetic soil 


Since present com- 


would not 
heating to high 


permit temperatures 


without burning or charring the or- 


ganic components, no heat treatments 
were applied to the mixtures 

By filtering several 
through Whatman No 


that over 9067 of 


slurries 


OO filter paper 
we ascertained the 
carried by the 
the 


preparing 


partie ulate 
Further- 


activity is 
mutter ol SUSpenslons 
more, by ih sper ial series of 
active slurries and adjusting their pH 
slight 


values, we found that only ve 


and probably insignificant desorption 


of fission products takes place under 


pore vail- 


the alkaline conditions usually 
ing in detergency tests 
oducts 


stored 


One sample of mixed fission pr 


used in our studies had been 


less than six months, the other about 
pment 1] 
the radiation 


the two 


two prior to sl 


Nevertheless, 


vears 
ind deeay 
characteristics — ot samples 
determined at the time when the first 
hatch was well over one vear old) were 
found to be very similar: the respective 
data fell within the experimental error 
of the determinations The 
half-life of the 


was determined by comparative 


apparent 
mixed fission produets 
heus- 
urements over a period of nine months; 
an approximate value of 14 months was 
nugreement 


determined, This is in tan 


decay 


with published data (4) for the 


of total beta power ino aged fission 
products. 


The 


beta and gamma radiation emitted by 


heterogeneous nature of the 


t im- 


mixed fission products makes 
possible to describe in a simple manner 
the absorption characteristics of the 
total radiation. However 
thetic soil labeled with fission products 


Wis applied to cotton swatches, the 


\ he Nn svVin- 


radiation measured by a thin-window 
G-M tube consisted predominantly of 
s and could be 
half- 


value thicknesses. The one value ap- 


soft and hard beta ray 
characterized by two apparent 
pears to be valid in the range from no 
the 
other in the range of thicker absorbers 


up to 500 Under the 


absorber to 15 mg/cm? Al and 


mg/cm? Al. 


a 





described eonditions a 
ness of 25 mg cm? w 
first range (soft beta 
200 me em? for. the 


beta) range 


Neutron-lIrradiated Soil 
Some inactive 

irradiated 

for 159 In 

1O' neem 


soil 


counting condition 
pecemhe aectivit 
was determined 
Considering the 
neutron cross-sect 
the constituents 
been asst 
the 
Induced 


is four 


mocdihecd 


duction 


determined 
where ¢, 
rates altel 
wash, re- 
removal 

} 

ineous Col- 
followed 


multi- 
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FIG. 6. 


Typical curves of ratio of number of electrons counted, N, to number im- 


pinging on detector, No, for anthracene (73); and G-M tube (54) 


Experimental Techniques 
in Beta-Ray Spectroscopy—ll 


Use of GM and scintillation counters, and electron multipliers as detectors 


for beta-ray spectrometers poses many problems, as does producing, measuring 


and controlling the required magnetic field. 


Techniques used to surmount these 


problems are considered in this article, the conclusion of a summary of basic data 


By C. SHARP COOK* 


/ iD 

Was ! 

S/. Lo VJ 

In P | this article (NU, Dee. 753, 
2s eful techniques for source 

preparation, methods of gamma-ray 

measurement, and design problems tis- 

s ited with the intermediate, evac- 

uated regions of a beta-ray spec- 

trometer were considered. Continuing 


this compendium of experimental tech- 


niques, this concluding section of the 
irticle deals with detectors and the 
mgnetl ield 

Two types of detectors are generally 
used magnetic beta-ray spectrom- 

* PRESENT appress: U. S. Naval Radio- 

Defense Laboratory, San Francisco, 

( 

’ B ur pry references l to 37 ap- 
} t I of this article, as did 
lig 
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eters. Most common is the Geiger- 
Miiller counter; 


tillation counter 


the second is the scin- 


Geiger-Miller Counter 

Theory and operation of G-M_> coun- 
ters has been adequately discussed by 
several authors (38).7 Sut use of a 
G-M 


trometer involves some specific prob- 


counter with a magnetic spec- 
lems that are important because most 


of the counters for this use must be 
constructed in the laboratory to pro- 
vide the thin For 


consideration here, these problems are 


windows needed. 
classified as pertaining to counter con- 
struction, gaseous filling, thin window, 
and use of accelerating potentials. 
Construction. To make a G-M tube 
operate requires no special techniques, 
But to make it operate uniformly over 
time (a necessity 


long periods of 


in spectrometers) requires primarily 


cleanliness, extreme care must be 


taken that all 
clean: anv excess flux must be washed 


solder joints are left 


away. Otherwise interaction between 
the counter gas and residual flux may 
cause the gas to deteriorate 

The central 
0.003 and 0.010 in. in diameter 


Use of a 


wire, usually between 
must 
be free of points and pits 
microscope for inspection is suggested. 
The wire must also he made ota mate- 
rial that will not pit easily in case of an 
electric discharge. Although tungsten 
is most commonly used, small diameter 
wires of stainless steel work very well 
(39) and are much smoother. 

The inside surface of the tube, while 
central wire 


not as critical as the 


should be machinedsmooth. Irregular 
features such as a side window can be 
introduced without affecting operation. 
An inert gas, usually 


Filling gas. 


argon, plus a quenching gas is used to 
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fill a G-M 


ganic quenching gases 


Among the 


counte! 
eth iwlcohol ap- 
pears (40) more reliable than ethylene 
although ethylene has the intage 
that it is normally a gas at vom ter 
perature 41 Some commer 
manufactured counters use 


quenching gases that suppose r 


infinite life. Cenerall however 

filling becomes necessary } to the 
expected lite of even thie hy 
quenching gas because of the thir ! ey 
dows used in spectromete etect 

Thus organic quenching gase e thor I 


oughly satisfactory 


Many commercial counte e title 


mal the 


Ss continuous 





Photomultiplier tube 





FIG. 7. 


e region 


that is the nemesis of the beta- 
spectroscopist 
<e in transmission between cut- 


energy for 100% transmis- 


with the uppe1 


end 


to nearly atmospheri pre ur But eing ipproximatelvy an exponential 
since the counter gas in spectromete tion approaching 100% asvmptot 
applications is separated from the ¢ hown in Fig. 6 A close rela- 
uated chamber by only a thi t electron scattering in matte: 
desirable to have as sma ( ire f t l 1 ?, 49-45), but most theories 
possible within thr counte Co! I ¢ tre scattering (6-51 have 
versely, if too low a pressure IS¢ thie ee! ieveloped Tor high-energ elee- 
efficiency of the counter elect t The problem of partial trans- 
detection becomes distinct t n G-M counter windows arises 
100% since an electro: uch lower energy range 
through the counter wit! it pr wing \leasurements of the relative DOs 
anion pau and thus escape etect Wi negatron transmission throug! 
For energies below 150) ke num and platinum have been 
sible to use a counter pres e for comparison with scatterin 
2.0 em Hy For higher energie the thi 2 In view of simplifving as 
only tests known to the author i ite ons to put the theory into a suit- 
a lower limit of about 4.5 Hy t comparison, there is re 
sure L000 efheiencs \ thie rile vereement between theo 
cleney can possibly be a funet f the ! experiment It should be note 
tvpe of filling mixture that the experiment required foil wit 
Thin windows.  \lics wh thicker than those n 
windows sare seldom if eve t eta spectroscop 
transmit electrons of less than 35 ke Phe only known compilation of data 
When studies of low-energ pect) tive tral ussion coethicients fo 
desired, foils made from the ti i { nao has been made DV Saxon 
used for source backing lf expressed fis data us ‘ 
usually emploved. Thy tor that is the re ’ 
is prepared by putting sever . n coethicient 
thin foil together to a n-t r ould be re-emphas zed that it is 
through which counter ( ible to measure 10067 of 
Keven with this precaution, the « thre es impinging on the surface 
tremely thin foils require ( > ke inte ndow The only valid 
tend to leak slowh l ising partial transmissio1 
gradual loss of gas, the inte s K¢ ents is if sufficiently thin win 
at constant pressure b ! itomat innot be produced A valid 
control such as a mereu transmission is tO make meus- 
a Cartesian manostat (4 ements on two windows of different 
Loss of energy and scattering of els t nesses If the number of trans- 
trons is the biggest problet t (;-N mitted electrons is the same in bot! 











If the wh \ es 
thicker than the range of the electron t 


counter windows 


effectively no electrons pass t r t 
the window. If electron energ ‘ Ext 
much larger than the cut-off energ he fir 
(the minimum electron energy for per ete 
etration of the window), essentia 

the electrons will reach the counts é 
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th} Petals’ 


counters 


dilferential 


»assumed that 100% of 


y electrons are penetrating 


emely tl] 


in foils stretched across 
ite windows needed In spectrom- 


mav not have the me- 


ilstrength to withstand the pres- 
the 


between eounte!l 


It is the intermediate 











Secondary-electron source, with anticoincidence technique, assures 
that only electrons originating in “radiator 


are detected by spectrometer (66) 


gas and the vacuum system. Grid 
su] t in be used (4 ), OF but 
the g must be sufficient thick and 
Its edge properly — shape to pre- 
ent (lal transtilss electrons 
through the grid 
An attempt has also been made to 
Pt l window ess spectrometer 
t the need for a continuous sup- 
| gas to the counte presented 
| ( The necessit trapping 
ensable ipors ente hg the 
spect ete! uu sVste imited 
the t luring whiel vie set ¢ 
lit could — be take bins the 
etect snt real \ Oss SINC 
te ount o v ( mned te 
twee The Sensitive ( thie tlhe 
t¢ th weuul ( 


Accelerating potentials. Anothie: 


itt Kon The WINndGOW pProbiel is use ol 
elerating potentials to give 
( erg electrons enoug ( eneryg 
t ( t te Tolls ¢ te tl k ness 
a» eleration appens st lenusible 
et een The nal spect ete ( t slit 
Clie inter 7) < ess has 
ef ted b o ence 
uy counting t r t 
ive ent to p (n) t . 
real elect r ( 
S The re ve rate is 
t hic 7" . 4 tn | 
fr does not to stutist 
‘ i ite results 
\ tential cans ( ( t the 
‘ it spectra re ‘ } 
lee electrons ! tf accel 
te Uhre Origine rect ‘ trave 
(dive ethod USS emispheri 
SOULret rrounded | ‘ sphere 
g t eep the electron ¢ <sJonsvm 
et the forward ecto } 

At least t<wo causes f¢ the imerense 
Hed keround with saecelerating poten- 
tials have been isolated: thermioni 
emission and ejection secondal 
electro! Townsend found qualit i- 
tive agreement between thi theorv of 


number ol 


thermionic 
| 


iow-eneryey 


emission and the 


electrons emitted when a 


Coppel sphere placed if the source 


position of a lens spectrometer was 
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heated (#0 A cleaned tungsten fila- 


ment, whose work function was much 
higher than the surface of the copper 
sphere, showed no appreciable emission 
until heated to a low red heat. 

A large 


trons sre 


number of low-energy elec- 


emitted when a radioactive 
source p iced on 


The 


proportional to the source strength, de- 


a metallic sphere is 


used (61 number is directly 


caving with it The conelusion is that 
secondary electrons are ejected as beta 
particles pass through the source sur- 
face. Since such secondary electrons 
would probably have energies of only a 
volts 


few electron- 62, 63), apparent 


energy should equal applied voltage. 

\ ditional spurious counts, occurring 
when voltage is applied to the source 
with the vacuum-measuring ionization 
gage in operation, ean be attributed to 


ions escaping from the gage, being at- 


tracted to the source and producing 
secondary electrons (60). 


No ¢2 in 


the imere 


is immediately evident for 
ised counting rates found when 
ipplied between the exit slit 


voltage is 


and counte! However, the solid angle 


subtended by the counter from the 
source is very small compared to the 
same solid angle from the exit. slit. 
Thus a few cosmic ravs producing seC- 
ondary electrons in this region can 


cause an appreciable effect in addition 


to thermionic electrons escaping from 


spectrometer surfaces. Effeets may 
also result from X-rays produced by 
vecelerated electrons in one of the 


suriaces 


Scintillation Counters 


A scintillation detector has been used 
success with lens spectrometers by 
several groups (65-68). Such a detee- 


tor is made up of scintillator and a 
plier with its circuitry. 
uulse height produced hy 
the photomultiplier is proportional to 
the energy of the electron incident upon 
the ervstal, a pulse-height discrimina- 
tor can be used in the detector circuit 
for energy selection in addition to the 
spectrometer energy selection.  Zeldes, 
Brosi and Kettelle have used this tech- 
nique to reduce the high-intensity low- 
energy background caused by secondary 
electrons produced by electromagnetic 
penetrating lead shielding be- 


They 


quanta 


tween source and detector (64). 


were thus able to measure the low-in- 
tensity high-energy primary electrons. 

Mann and Pearce have used two 
scintillation counters in anticoincidence 
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to eliminate detection of electrons other 
than those produced in the radiator 
used in a study of low-intensity transi- 
Their 


Primary 


tions in Ta!*? and Sb!** (66). 
apparatus is shown in Fig. 7. 

beta particles and Compton electrons 
generated in the Lucite and in most of 
the crystal leave an identifying pulse 
that is recorded by the source photo- 
Secondary electrons 


multiplier. yen- 


erated in the radiator leave no such 


pulse. An anticoincidence system be- 
tween this source detector and the spec- 
trometer detector prevents final record- 
ing of any pulse seen by both detectors, 
but those pulses seen only by the spec- 
trometer detector will be recorded. 
Jensen has used a lens spectrometer 
equipped with a scintillation counter 
and spectrometer to measure coinei- 
dences between gamma ravs and their 
appropriate beta groups (67). This is 
a useful technique in studies of nuclear 
disintegration schemes. Siegbahn has 
built two lens spectrometers back to 
back for this 


Fowler and Schuffler have built a coin- 


sume purpose (69), 
cidence spectrometer in which a single 
vacuum chamber and two detectors are 
used (70). This eliminates the prob- 
lem of shielding one magnetic field from 
the other, but 
baffling to select electron energies. 

Experimental problems. 
sitivity of 


there is a problem in 


The sen- 
photomultiplier tubes to 
magnetic fields requires that they be 
removed some distance from the spec- 
trometer field) and or shielded 
fields. Mann and 
1 ,-in. mild steel cylinder and end plate 
a light 
tend the distance bet ween the magnetic 
field the 
Wong and Lauritsen cover the photo- 


from 


stray Pearce use a 


(66). Jensen uses pipe to ex- 


and photomultiplier (67). 


multiplier with a magnetically com- 
pensating solenoid to eliminate the field 
in its vicinity (68). 

a light 


then 


Lucite or Plexiglas used for 
pipe should be cast rather eX- 
truded. Strains and other 
ties in extruded material sometimes act 
to deter effective light 
quanta, Also, the plastic should be 


clear. 


irregulari- 
passage ol 


very 

effective passage of quanta along a 
plastic rod also depends upon good 
reflection at its walls. If angles of in- 
cidence cannot be made large enough 
to provide total reflection, a good re- 
flecting material such as magnesium 
oxide should be packed around the ex- 
terior of the rod. 

Dow-Corning 1,000-centistokes DC- 


200 silicone fluid encased in a Lucite 
tube has also been used as a light pipe 
(71), with results comparable to those 
The chief 
reflecting 


obtained with a plastic rod. 


gain is elimination of two 
surlaces. 

At room temperatures photomulti- 
pliers produce a large number of low- 
energy pulses, called thermal noise, 
that the 


background. 


are major contribution to 


Lowering the tube tem- 


perature greatly decreases this noise 
(67, 72), allowing operation at lowe 
energies. But the efficiency of the 
scintillator plus photomultiplier ap- 
parently does not remain near 100% 


for low energies (67, 78, 7.4), as shown 


in Fig. 6, and the scintillation counter 
thus does not circumvent all of the win- 
dow dithiculties of a G-M counter. 


Electron Multipliers 

Another detector for electrons is the 
electron multiplier (75), in which the 
electron beam enters directly into the 
multiplier, strikes the first electrode, 
and starts the avalanche ultimately ob- 
served by electronic equipment. Even 
though there is no window, the effi- 


ciency of an electron multiplier is fat 


from linear for electrons (see Fig. 10 of 
ref. 75). It also depends greatly on 
prior treatment of the electrodes It is 


to let air into a beta- 


ray spectrometer, and some method for 


often necessary 


treatment of electrodes under vacuum 
within the spectrometer is necessary. 
While the electron multiplier has no 
distinct advantage over other, more 
simple detectors for electrons, it is good 
for detection of heavy particles and has 
been used for detection of recoil protons 


VN 


(76, 77, 78). 


Magnetic Field 
A critical 
mination of electron spectra is proper 


factor in accurate deter- 
functioning of the spectrometer’s mag- 
netic field. Three requirements must 
be met for proper functioning: 

1. The 
signed and constructed so that the cor- 
the 


spectrometer must be de- 


rect field exists in all regions of 
electron path. 

2. Field strength must be 
with an accuracy at least equal to the 


measured 


accuracy desired in electron momenta 
determinations. 

3. The operator must be able to con- 
trol the field so that during any single 
measurement it will remain constant to 
a degree equal to or better than the ac- 
curacy to which momenta are desired. 


45 








Eexperime ntal tec hnique s bear 
these three requirements are discus 
in the following sections 

Design 


iron is used to locate the spectrome 


and construction. 


magnetic field, uniform density, espe | 
cially near the pole face, must be ma 

that 
tions will exist in the 


MeusuUrandie LIStO 


field shape. To 


tained so no 
keep the magnetic flux insice 
voke, the cross sectional area of 
magnetic circuit should be large 
at all points, and the iron should be 


low enough carbon content that satura 


tion conditions are not approached the 


The pole-face gup should be 


enough to prevent the electron be 

from approaching too close to the 1 r t} 
face. Within ',9 in. of the face, fie ti 
fluctuations and discontinuities oceu 
even with precise magnet but these t} 
fluctuations wash out rapidly witl 


creasing distance from. the 
In a 40-em radius-of-curvature magnet — et 


spectrometer (55), a regior n. higl , 


centered in the median 


pole faces that had man I p edges 


showed the same field strenet t 
horizontal level. Gap was 4 
In a lens or solenoid spectromete 
that uses little or no ferrous 1 ti 
the problem of establi hing 
au magnetic field reverts t 
tioning of a set of current 
coils. The thin lens typ r ole 
series of coils half wa bet 
and detector The l 
type utilizes a single 
source and detector a t 
there is no gradient of fie 
the walls of the 
coils in the region bet ( r 
detector Many more 
tiple-coil arrangement 
to achieve a desired fie 
One important 
tion of that compone 
magnetic field perper { 
produced field I 
with large Helmholtz \ 
rangement consisting 
has been deve | rye 
izing the earth’ 
and around 1 Cl 
spectrometet! 
Elimination of 
of the field has also been « té 
recting the axis of the ectromet 
allel to the earth’s magnet fie . 
Field measurement. 
being accurate enoug! 
determinations, measurement must. be 13 
accomplished in a short et ch time t H 
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true measure of the 


Miag- 


at the time a single 


ip’ 


portion 


the electron spectrum is studied 


One of the most common tools for 
d measurement is the flip coil and 
listic galvanometer. <A coil with a 
ge number of turns of fine wire ts 
yuinted in the magnetic field with 


lane of the coil perpendicular to the 


This 


ISO 


rotated 
The 
the coil 


to 


ad direction col 


Is 


kly through degrees 


thus induced 





“#CTOSS 


a certain quantity of chat 
through the 
flip coil 


eireuit 


consisting ol 
and the galvanometet 
an cause difficulties in 


Three th 


Ings 


type of heid mexsurement One is 


time required lol the gaivanometel! 


return to zero before another readin 


be made If this is made too short 
second difficulty arises, namely 
king sure that the time to flip th 


short compared to the galvanom- 


| Too short a galvanometet 


a spread in readings 


xl produces 


endent upon how fast the flip coil is 
ited sore compromise pbetweel! 
e two items Is usually arranged 
ting series and shunt resistors to 
i damp the galvanomete 
\ tl 1 ¢ hes in re ling the val- 
eter; O.2 mim is the t of a 
on the Isllail SCALE il i ree 
leflection is required. But the 
the va inometer remains at its 
! leflection diminishes as the 
ection nereased \« ( ( 
need 
time required fe gnet eld 
t ent has beer erent ri 
Ise | Lceontinuous tating 
su tit (*¢ a ’ 
S ts speed is kept nstant 
nchronous motor. The : 
if irrent then rie Ire the 
et eld stre t} 
\1 itiol this met ( 
! it) iused b v 
t tre tance of brushes \ i 
} nie e used t } 
( ( luries ected t 
o «le e (s Phi 
e tral mre otute thes ( 
t ont Lous tating ¢« 
! thie spectromete ( | 
ting ent | 1 thie 
t t sie ( ‘ 
thy oe ‘ ; 
trie ( t! ( ( ( 
tates ’ 
‘ at 
ting the field ( t 
t ray thre ‘ t t 





ter field is determined by a null 
vethod \leasurements to better than 
part in 1,000 can be made 

The difficulty with this svstem is 
hat it requires two identical svnchro- 
us motors operated ISO deg out of 
hase to drive the coils Thus any 
hange in external frequency changes 
he speed of both motors at the same 


na 


In 


produces no ¢ } inge 


a sin 


In output 


ular svstem, shown in 


Fig. S both coils are placed on one shaft 





and oriented to provide oltages ISO 
degrees out of phase (84 This elim- 
inates the need tor synchronous motors 
ind the system can make nagnetic 
held measurements to five signif 
figures 
While primart ip] e to me@ns- 
urement of uniform magnetic fields, a 
method emploving nuclear resonance 
pt appears te ( e most ac- 
irate Phe radio fre es used 
( ( easured te signihcant 
Heul’e \lensurement mmentul 
Bp made using se techniques 
te e spectromete ited in 
te i en r ( ~ 
tion is possible { arent ine« 
te onversion rie the same 
! transition can be measured 
the trometer (Sf <trom uses 
the A | LL; convers electrons fre 
rhe Since X-ray t tions are gel 
KHown to at le t ( gnificant 
( the energ 1 n, Al 
et wee t SU re ven r 
( 1 to the I 
te the elect el 
Lif) na 1/ esp 
t ( thet ( ele ! 
1 being onstant t 
i} | 
L/lip 
11 fof 
1) 0 i] p 
i i Hy/H | Il op 
| Ey 
\ tities are | e ce 
te i e ent t i 
it least ( nt ir 
h the single exception of th 
t i] p Sic thie Tl 
i] duce a re eat a fre- 
il elect entul , 
ed | ( Hip Isp 
eth ( ( vy magnetl 
< bee r Duo 
Field control. Adequate control « 
t rectromete > ynet eid s 
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FIG. 8. 


Apparatus used for measuring mcgnetic field 


in spectrometer. Current 


within Helmholtz coils is adjusted to produce null with transformer secondary C» that 


does not rotate. 


important if high resolution 


" 
es per MWiliy 


is desired Accuracy to one part in 
several thousand may be needed during 
set of data. 


An iron core spectrometer usually 


taking of a single 
needs only a small current to produce 
the magnetic field; thus a modification 
of a constant-current circuit designed 
by Elmore and Sands (87) can be used 
successfully as an electronic control. 
Hysteresis in the iron core of the spec- 
trometer, however, prevents returning 
to a previous magnetic field by merely 
adjusting the control to its previous 
current 

Instead ol the 


ind Sands original cireuit (Fig. 


resistance steps ol 


7.14 of ref 87), three high-voltage rhe- 
ostats (such as Ohmite model K) are 
wed To provide the 


necessary Con- 


setting the spectrometer t 


anv 1 netic field. Grid bias for the 


S07 and 6AG7 tubes has been provided 
by si B batteries, Large! batteries 


supp the s4P plate circuit to pro- 


de lor ife. Filament current for 
the 1B4P should be supplied by a re- 
vet cell. We have found 


Willard types ER 24-2 or ER 34-2 


plast nonspill cells convenient. 
Caridad son the 1B4P must be con- 
stunt so: extreme acc uracy Is needed 
rthes stem to work properly. Mal- 
lorv mereury cells have a flat voltage 
cl cteristic at 1.345 volts over al- 
! st the entire life SS 


The most common source of instabil- 
elements in 
A eood check 


not be 


t n this circuit is loose 
the GAG7 or 


oose elements 


SO7 tubes. 
which may 
detected with a normal tube tester, is to 
tap the tube with a pencil while it is in 
place in the operating circuit. The 
magnet current should be set at some 

idable current; fluctuations — will 
occur if a grid element is loose in the 
tube tapped 


Lens and othe spectrometers not 


utilizing an iron yoke require larger 
currents to produce the magnetic field. 


With other conditions constant in the 
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Detector coils A and B and primary C, rotate on common shaft 


spectrometer region, the field is directly 
proportional to the current through the 
spectrometer coils plus a small additive 
attributable to the 
magnetic field. 


constant earth’s 

The current for these spectrometers 
has generally been provided by motor- 
generator sets whose field-coil currents 
are regulated by some sort of feedback 
Although 


magnetic res- 


from the magnet current. 


designed for nuclear 


onance measurements, a typical cur- 


rent stabilizer is that described by 
Sommers ef al SY This device 
measures the direct current from a 


standard resistance and feeds it back 
through an a-c converter to an ampli- 
controls the field 


current in the motor-generator set. 


fier whose output 


Proton resonance can also be used to 
control the 


generator set 


output from the motor- 

DuMond has described 
such a system (90), with a feed-back 
system essentially the same as that de- 


How- 


signal comes from the 


scribed by Sommers ef a SY 
ever, the error 
signal produced by the proton reso- 


The 


an error be- 


nance inside the magnetic field. 
control thus cannot have 
nonlinear 


cause of relationships —be- 


tween coil current and magnetie field. 
] 


This t\ pe of control can be used on all 


tvpes of spectrometers regardless of 
the amount of iron in their structures, 
About the only limitation is that the 
resonance head must be located in a 
region of uniform field strength to pro- 


vide a sharp proton resonance, 


The preparation of th evtiew was assisted 
hy the joint program of the Office of Naval Re- 
search and the Atom Energy Commission 
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The Biological Effectiveness 
of Thermal Neutrons on Mice—| 


To determine the biological effectiveness of thermal neutrons, mice were exposed 
in the Los Alamos ‘Water Boiler’ thermal column. Before biological measurements 
could be made, the dose contributed by the column's inherent gamma contamination 


was determined by means of methods described in this first part of the article 


By JAMES T. BRENNAN,* PAYNE S. HARRIS,+ ROBERT EMERSON CARTER, and WRIGHT H. LANGHAM 
Los Alamos Scientific Laborat fthe Uy Jos ¢ ornia, Los Alamos, Ne Ve 


THE PRIMARY PURPO 
experiment Was to dete 
tive biological effect 
neutrons DY COD pari 
in the thermal columy 
homogeneous reactol 
to X-rn - Sinee the 
of this reactor (7) | 


ittenuates y-! 


cerning 

thermal neutrons | 

but all such theoreties 

hHecessaruv mvolve certar 

in which there are large 
To date Ont 

( have been om 

eflectiveness 

mammals on 

vere dose-measurement 


encountered 


*Lt. Col., USA MC, W 
Medical Center, Art 
Graduate School, Wa 


t Major, USA M¢ 1 
SWG, Sandia Base, New M FIG. 1. Essential features of north thermal column of homogeneous reactor 
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r sonere emovabie graphite stringers, 4gin x 4gin 1 48in 


a 





FIG. 2 


exposure cage 


ce or radiation detectors for 
Atte 


t Was necessary to allow 


running the reactor 


cooling” ol the 

re the plug was rolled out 
column Was constructed 
maximum neutron-to-y- 
Che neutron flux anvwhere 
proportional 
vhich fissions are taking 


sphere Residual gamma 
lue to the build-up of beta- 

tters during reactor opera- 
no significant contribution 
the 


familiar with the design of 


ose received by mice. 


umns are referred to a re- 
neutron flux measurements 
vith both In and Mn foils. 
were calibrated in a sigma 
Alamos The Mn foils had 
rated independently in terms 
ver of fissions produced in 
iracteristics of the 


tudied in detail by the 


ip P-2 (LASL 
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Thermal column showing exposure cavity with Bi shield and graphite 


ounts registered 
BEF 


and the known thermal-neu- 


U the number of « 


by a well-defined volume of a 
eounter 
on and | 


the 


tron cross sections of ber 


Values for neutron 


The measured 
flux at 25 kw 
2+ 0.20 K 10'’? n cm?* see tor 
1.7 + O.17 &X 1’ n em? see tor 
In this article, the weighted 


value of 1.S 


using these foils were 
In and 
\In 
average 
O.IS &K 10!’ n em* see 
is used. 

Three 
required before 
the 
biological effectiveness of the neutrons 

ts: Ves 


thon in 


Correction factors. major 
luctors are 


value can be derived for 


correction 
an correct 
contamina- 


inherent 


vada 


the column—the mortality of 
mice exposed in the column was due in 
part to the inherent gamma flux. As 
anticipated from previous experiments 
5, 6, 8), most of our effort was ex- 
pended on this problem 


z. Yi: 


mouse ih i 


intermouse gamma dose—a 


flux 


factol 


neutron becomes a 


This 
difficult to evaluate once the problem 


gamma source was not 


of inherent gamma dose was solved. 


3. ¢ attenuation of the thermal neu- 
tron flux ina compact group of mice--a 
mass of animals acts as a neutron 
“sink”? and depresses the flux within 
the group of mice. 

The chief purpose of the present ex- 
the num- 


that 


periment was to determine F 


ber of thermal neutrons em 


when incident upon a single mouse 
will, in terms of 30-day lethality, pro- 
duce a biological effect equal to that 
evoked by Lor of 250-kvp X-rays 


This quantity is 


thermal neutron flux 
nh cme sec in the 
cavity, PR the lethality 
observed in the mice, 4 the 


the 


where m the 


empty graphite 
response in 
reth sec 
due to inherent 


dose In rem. se 


gamma contaminant in the column 


y rem sec of imntermouse gamma 


a fraction less than one, 


dose and < 
which takes into account the attenua- 
tion of the thermal flux in a compact 


group ot 1D mice, 


Measurement of > 
Unshielded 


film and ion chambers 


gamma detectors, e rh 


when placed in 


a thermal column, become activated, 
and their response is uninterpretable in 
terms of radiation dose. 

Boron, which has little direct absorp- 
tion effect on the y-ravs of the thermal 
to thermal 
shield 
However, in 
94°, of the 


captures result in an excited state of Li 


column and is opaque 


neutrons, has been used as a 


several times (5, 8, 9), 


the reaction B na)Li', 
and the emission of a O.48-Mev photon 

In 1944, Zirkle and Raper suggested 
that, on theoretical grounds, metallic 
the best 


This suggestion was followed in 


Li would be ion-chamber 
shield. 
the present experiment 

Thermal neutron reactions in lithium. 
The the shield 
in absorbing results 
the 
characteristics: 

Li®(n.a@)H*, @ 
COMpPanvViIng pamlas 
0.033 


efficiency of lithium 


slow neutrons 


from following reactions and 


S60 barns, no ae- 


Li‘(n,y) Lis, o barns, 1.98 
Mev total y-ray energ) 
Neutron capture in Li’ produces a 
high-energy gamma photon, and Li’ is 
than Li’ (92.5% vs. 


lithium 


more abundant 


7.5%) in natural The large 
however, 
2.000 


Consequently, 


49 


cross sections 


difference in 


results in only one capture in 


tuking place in Li 








, 





FIG. 3. Arrangement for studying absorption characteristics of inherent gamma flux in good geometry (Al absorbers at center, Li 
absorbers in port) 


relatively few capture y-rays a Identification of soft component. The lithium absorption curve was re- 
produced With the arrangement of Fig. 4, a B! peated with this counter, and the data 

The reading on the r-meter insic counter* was substituted for the 0.025-1 are given in Fig. 5. The wide varia- 
lithium, therefore, is due to y-ray co in The counter circuit was — tion of level of the pile was 
tamination inherent in the thermal biased to avoid counting y-rays necessary because the maximum count- 


column Inv rate that could be tolerated bv the 


counter was about 250 epm. Coun- 


Good Geometry Studies : | i lanaiiaoiind: wan at the ander of 





Before attempting to inter] 
tion measurements made inside t] 4} 1 | t | | The slope of the absorption curve 
thermal column, studies were mad if 2 ¢ t | ig. 5), determined by only the points 


hehe eee } first 


i decade, indicates a slow- 
Hord component 


the mixed radiation of 


under conditions of good ge 


p72 42cm =~. energy of 0.052 ev (oa, Si 
A beam was led out of the nor f ‘ a ik ate ofa! rl Investigations of the neutron 

of the pile Fig. 3). The. eter wall ~s \ | | ] ux in the columr performed by Group 

thickness was inereased to 7<¢ » | t m4 t t of LASL showed that the neutrons 

maximize the chamber readings. ; ¢ : } | at tl point in the co 

data of Fig. 4 were obtained using tl r I malized to 2 It is high | 

ion chamber and lithium il rber a able refore, that the soft component 

shown in Fig. 3.) Following exposure 5 4 Z F n indicated by 


with no lithium absorber 











the beam, 'o-hr observation sl 11 iermal-neutron flux 
drift due to activation of t] hamber FIG. 4. Absorption of thermal-column Identification of hard component. 
materials mixed radiation in Li in good geometry irther good-geometry absorption stu- 


The eurve in Fig. 4 n ! ilved Ss wel mde with the 0.025-1 


into two straight-line 





first drawing a line th 
points Subtracting 
from the curve gives 
the slope of whiel 
dicates an absorption 
2.42 cm The most 
pretation ts that the | 
agama beam and the 
is an slow-neutron fluy 
With the accepte 
thermal neutron 
enleulated that 
energy of the 
0.052 ey 


2.42 em 





The slope 





curve Is Ve \sI 


FIG. 5. Absorption of neutrons in good ; ; rt 
average energ\ yeometry using biased B'” counter 


50 February, 1954 - NUCLEONICS 


at} 








6 8 10 I2 14 16 18 20 
rber Thickness (cm) 














FIG. 6. Absorption of inherent y-rays in 
various absorbers in good geometry 


These curves establish the 
mmponent as a gamma beam hav- 
ig an effective average energy of about 
t Mey 
Effect of ion-chamber wall thickness. 
As a further check on the quality of the 
inherent gamma radiation of the ther- 
mn, the arrangement shown in 
12 Li ab- 
the 
previously 


thickness of 


is utilized, leaving 
ates in place in 
ot the 


wall 


port, 
absorbers 
the ion 
with the acetate 


Vail ied 


3 surrounding the 


the 


ng Was obtained with a wall 


irrangement, maX- 


I.S6 gm em? (added ace- 
rmiocm As 
1 Grav (11 


tained when the chamber- 


shown by 


4 MmaNIMuM 


about equal to the 

the maximum- 
produced by the 
‘results in the pres- 


varia beam heats Ing 


FIG. 7 
Li shields 
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Back-end view of cylindrical, bullet-shaped, and outer 


TABLE 1 


“«d to 


Absorption of Thermal-Column Neutrons in Li in Good Geometry 


O OOS 


i power level of 60 watts 





an effective average 
1 \ey 

As supporting e\ 
tant to note that the dominant thermal 


energy ol approx- 
imately 


idence, it is impor- 


ition in graphite 
12). 
the extrapolation of the 


neutron capture re 
produces a 4.9-Mev y-ray 

In Fig. 4, 
hard 


shows 


component to zero Li absorber 
that the gamma 


sponsible for 0.0145 100 


flux is re- 
0.1056 


13.5° of the total discharge observed. 


Poor Geometry Studies 


Twenty evlindricaland bullet-shaped 
lithium shields (Fig. 7) were designed 
to make poor-geometry pseudo-spher- 


measurements of the inherent 


the exposure cavity 
Vietoreen LOO-r 
used: the 


dose in 
the 


chambers 


garmin 
within column 
were dose-rates 
that 
could be obtained in 1-2 mine 

Source of 


Since 


] 


were such half-seale readings 


\Dosures, 


inherent gamma _ flux. 


thermal neutrons at any point 


in the thermal column are effectively 


random in direction, all radiations to 


which the neutrons give rise are random 


in direction. Therefore, the radiations 


entering the cavity from all areas of the 


wall are qualitatively similar If. how- 


* Recent studies by 
P-2 (LASL), 
flux of the south eolum: 
energy of 4.9 + 0.1 Mey 


(iroup 


have show: 






































FIG. 8. 




















her 


Arrangement used to study source and direction 


of inherent gamma flux 
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FIG. 9. Graphite exposure cavity showing Bi shells and graphite FIG. 10. Absorption of mixed radiation in Li in poor geometry 


mouse exposure cage 

















eve i pres ( tive ture the ( it t ( evel of 25 kw | succes 
inherent gamma flu the exposure cavit emoving t ells unt ! 
iin is due t 2 Phe therr eutrons essent the shield ret ed (see Fig. 10 
in the renet ere (1 ( hrection | nsiol tain neutron . ers of less 
ood-geomet et | 4 ( t r that the t ( the se thiu shi . 
vive " ect tire ( ( neut ns ul v uv ( ( ( 1) il ted ¢ 
y-ra ethe ste t eglig ( He ( ! ‘ Fig. 7 ! sting 1 en- 
cirect t thre ( t t eut t t t | ( nders le ¢ 
Witl Liiet-s1 ( { nh thie " trave t tit et iit l ( nder consisted 
4) 0 0; t int thie eente thie ( na t se-fitting ends 
rangement shown in I ‘ edt Since the thermal neutron. flu ills Asse Was accomplished by mold- 
study the ouree nt thor thie Tt ith me ng dowh the coltumil Vil wy tiie mi eabl thium t ial 
inherent V-ria Pwo ( t I the source nore neut s ent Du vy exposure, the shield and r-meter 
muth bricks, each 4 1, Sil the cavity from the hemiusphe il end ere centered inthe cavity by me 
were placed cross ( t hie t t om the flat end Che difference v te edges 
a point between the react ( it a factor of 3 per foot; therefore he ngs were taken as successive 
the r-meter eneased in the | trie ol the yvraphite I Ise Cue ers r shield ere eeled Off big 
The renetor Vil OM t £ Zo hig, 9) should not exceed 4.11 \) I) iidition to the meter ( 
and an r-meter reading ( t t The capture gamma source strengt! t even neutron-flu ieasurements 
Bi bricks in place Phi region of the graphite is prop th Mn foils were le as the ers 
placed v th wraphite ! tiie { I nalto the neutron flu it tregiot | eti vere rem ed (see Fig. 11 
ng Was tuker Phi ‘ { onsequent there ( ( 
ings ere 2 4 hot = ente uv ( t 
These results ¢ t the he spherical ¢ t} N 
ty that vt Ant Che { 
nherent ye f ( 
from the reset ture thined es that a 
z 
permianent S ) tol t ersing the eg hite =io 
tion, the t thre vinate as graphite pture = 
the inherent tert Although this is highly prob 
Cuvits ‘ > sitive expe ent ( dence 
two Bi bricks shown in Fig. S te been adduced to prove it 
small fraction (O.04 irr Li extrapolation method. Thi 210°} 
angle, they shoul Ke Little the enter of the ion chamber was located ‘ 
in the reading if the / Fig. | [went ferent thie! 2 , 
in direction \ it t of Li shield were ( 
vening between the B ! t hie At thre outset the bullet-shape | 
ion chamber wou t hie thie eld (Fig. 7) was placed inside the six ae ee ee 
effect of the Bi bricks v hite itside shells his assembly had an aS . x ¢ c 
vO r anes L ] eP cm) 
capture y-ravs are col re iter diameter of S in. and just fit the 
Mixed radiation in graphite cavity graphite cavity Seven 2-min readings —1G, 11. Activation of Mn foils inside Li 
} r acs ‘ 


It is now possible ti ere obtained with the 100-r chamber — shields in poor geometry 
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FIG. 12. 


ber activation 


In both F 


tion of the curve has the steep slope of 


gs. LO and 4, the initial por- 


thermal-neutron absorption followed 
by a portion with relatively little slope. 

extrapolation of Fig. 10 to zero lith- 
ium absorber indicates that about 16% 


32 r min) of the total reading, follow- 


ing exposure of a 100-r chamber with 
no shield, is due to inherent y-rays. 
This indicates that the ratio of gamma 
dose rate to thermal-neutron flux is 


about the same in poor and in good 
geometr\ 

However, the curve of Fig. 10 cannot 
ved into two simple elements as 
can the curve of Fig. 4. | In poor geom- 
quantity of the radiation reach- 
ing the ion chamber is not necessarily a 
simple function of any dimension of the 
shield ¢ 


mploved 


Activation of chamber materials. 


oyered Li cylinder -----~ 


motor _— ee oe ae eres ame 
North face of column——~ \, 
2 \ 
. stee nat 


Drift in 100-r chamber due to neutron-induced cham- 


FIG. 13. 


Resolution of poor-geometry Li absorption curve into 


hard and soft components 


When exposed in poor geometry with 
no lithium shield, the chamber acquired 
a visible drift due to induced activity. 
This made a correction necessary. 
Chambers were exposed in the ther- 
1 min with no Li shield 
After then 
removal, the drift was followed for sev- 
The data 
The first point of curve A 


mal column for 


at a power level of 10 kw. 


are presented 


eral minutes. 
in Fig. 12. 
was Obtained after a 360-sec cooling 
period, 

To evalute the Importance of drift, 
it Was necessary to extrapolate back- 
ward in time to the end of exposure. 
To minimize the extrapolation, a spe- 
cial study was made with the r-meter 
held in the cavity in the end of a long 
After a 
sure at 10 kw, the chamber was quickly 


aluminum pipe l-min expo- 


withdrawn from the reactor by means 





noted area 
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FIG. 14. 
flux in cavity 
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Arrangement to study effect of Li in cavity on inherent gamma 


of the pipe. The first reading was ob- 
tained 27 sec after the end of exposure. 
The chamber remained in the electrom- 
eter and the drift of the fiber recorded 
12) 


The absolute readings of curve 


(curve B, Fig. 
B are 
higher than those of A because of neu- 
tron capture in the end of the Al pipe, 
the 


the drift was about the same for 


However, 
both 


chambers and amounted toSrin® min 


Which was in eavity. 


(corresponding to 20 rin 6 min when 
The data of Fig. 10 
ls atter 


running at 25 kw) 
are replotted as curve A in Fig 
correction for chamber activation 
With more 
shield the 


total error due to acquired drift) was 


lith- 
the 


one ol lavers ol 


lum around chamber, 
negligible. 

Hard component in poor geometry. 
Three centimeters of Li is sufhecient to 
make the r-meter reading due to ther- 
mal neutrons negligible. Presumably, 
therefore, the flat 


13 is due to inherent 


portion of curve A 
in Fig. gamma 
flux. 

In comparison with Fig. 4, the slope 
of this portion of curve A is too great to 
be accounted for by the absorption of 


the Li shield. 
the ab- 


inherent y-rays in 


Moreover, in poor geometry 


sorption of inherent y-ravs in lithium 
should be even less apparent than it is 
because ( ompton 


in good geometry 


scattering is) partially compensated 
(.e., for every photon scattered away 
lesser ene- 


from the chamber, another otf 


ergy is scattered into it 

The effective absorption coefficient 
for 4-Mey photons in. this 
pseudo-spherical geometry should be 


about equal to a4, the absorption por- 
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tion of the Compton coefficient. This = * 
approximation is justified since the de- € } 
tector is measuring roentgens (10 fa ee | 
For 4-Mev gamma photons in Li A Virtua 
a, = 0.0094 em It may be seen in ° — 
Fig. 10 that the scatter of the points is c | St a | 
such that a slope of 0.0094 em would o> OOI0} : i i i } = — ==@ >» 4 
not be discernible (total attenuation in C I [ | L___ = [ —Ss 
Sem 7%). The last thirteen points © 3 4 ‘ 6 ? 8 
of this curve actually indicate an ab Wall Thickness of Lithium (cm) 
sorption coefficient of about 0.055 
em”! So the absorption of inherent 
y-ravs in lithium cannot account FIG. 15. Indirect effect of Li in cavity on inherent gamma flux in cavity 
the slope of the tail portion of the curve 
in Fig. 10. f 
Neutron ‘‘sink’’ effect of shield. i i 1 
The only other possibilit for explan atecw ; | 
ing the slope of Fig. 10 is the neuti | 
sink effect of the Li shi ‘his effect fr } ve } 
reduces the neutron f] " rie +} erent ¥ y ty 
cavity and therefore reduces the 1 
ber ot capture y-ray ‘ oinit vy 
that region of the graphite + — 
The neutrons diffusi e throug +] 
thermal column may be d ed inte — 
two categories 1) neutrons that ente 
the cavitv one or more times. before — 
being captured (cavity neutrons ind 
(2) neutrons that never enter the ea aa T ——- 
itv (noneavityv neutror it — 
Similarly, the gamma photons in the . : - ® 7 —y oe 
7 < 3 oF - € 8 
thermal column may be designated as Lithiom ten 
cavity and noncavit photons Thy 
flux of cavity photons is ean mous 
with the inherent gamma flux Phi FIG. 16. Resolution of poor-geometry Li absorption curve, with Bi shell present, 
latter mav be subdivided as 1) pl into hard and soft components 
tons created by the « ipture of t 
neutrons (cavity-neutron gammas) and — tered through 5.04 em of Li, and the 1, Fig. 13, should match the slope of 
(2) photons created by the capture of y-radiation measured with a 0.025-1 the curve in Fig 15 by when the 
noneavity neutrons (noncavitv-neutro1 chamber. As individual lavers of the curve in Fig. 15 is normalized and sub- 
EAMMiuas ). Lishield were removed, the gamma flux tracted from curve A, Fig. 13, the new 
The usefulness of these terms ie ! measured by the r-chamber steadily remainder curve obtained should be the 
the fact that CAVITY neutrons ina nereased the cavitv-neutron vamma ibsorption curve for thermal neutrons 
hence cavitv-neutron vy-ravs +16 flux increases while the noneavit v-neu- , thium 
fluenced by neutron « ipture in the t tron gamma flux is not altered These Che subtraction suggested in (b) has 
ium shield (sink effect On the othe lata, comprising the first 11 points of been made in Fig. 13. The slopes of 
hand, the flux of none tv-neutro! Fig. 15. show that the sink effect of curves A and B match reasonably well 
y-rays entering the cavit Cannot be the shield does indirectly decrease the ind the slope of curve C indicates an 
influenced by the lithium flux of eavitv-neutron y-ravs. The — effective average energy of 0.023 ev as 
The experimental arrangement used slope of the curve in Fig 5 is due ompared with 0.025 ev for thermal 
to demonstrate the reality of the lith- only to the sink effect. neutrons. 
ium neutron sink effect involved a r¢ Considering Curve A of Fig. 13, the In making the point-by-point extra- 
turn to good-geometi onditions (Fig shape of the curve ean be the result of polation subtraction in Fig. 13, curves 
14). \ collimated bear ot ivit no more than three mechanisms: (a 1 and B were normalized at point 8 
y-rays was taken from a well-defined neutron capture in the lithium; (b) ab- wall-thickness of lithium 2.77 em 
area on the hemispherical end of the orption of inherent gamma in the lith- This wall thickness was chosen because 
graphite Cavity The beam passed im shield; and (ce) the indirect de- ot the following considerations 
along side of, but did not impinge upor ease In gamma flux seen in Fig. 15 The first 11 points of Fig. 15 were ob- 
the 10 lavers of evlindrieal Li shield vhich is due to the neutron sink effect tained with the same 10 evlindrical Li 
cated in the center of the cavity Th, of the lithium shields that were emploved to get the 
three outside layers of Li shield wer If, as we have said, (b) is unimpor- _ first 11 points of curve A in Fig. 13, the 
not present. The beam was led it tant, then two things should follow difference being, of course, that the 
through the face of the reactor and { i) the slope of the tail portion of curve data of Fig 15 were takén with a 
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0.025-r chamber outside the pile in 
good geometry, while the data of Fig. 
13 were taken using a 100-r chamber in- 
side the Li shield in poor geometry. 
Two differences should be noted be- 
tween these two physical situations. 

1. In poor geometry, the 100-r cham- 
ber begins to show the direct effects of 


Li shield 


thermal neutrons when the 
thickness is reduced to less than 2. 
em Li (Fig. 4). On the other hand, at 
no time do thermal neutrons reach the 
0.025-r chamber in the experiment in 
good geometry (Fig. 15). 

2. To reach the 100-r chamber in the 
poor geometry experiment, all cavity 
y-rays must pass through varying thick- 
nesses of Li in the evlindrical shield. 
In the good geometry case, Fig. 14, the 
raverse a constant thickness of 
5.04 em). 


By normalizing at point 8, the impor- 


y-ravs t 


lithium 


tance ol the two physical differences 
just noted is minimized because, with 
wall-thickness of 2.77 em of Li, the 


l 


number of neutrons reaching the 100-1 
chamber in poor geometry is negligible. 
Also, with this thickness of lithium, the 
absorption of inherent gamma rays in 
the c\ lind: ical shield in poor geometry 
is as small as possible. 


The intercept of curve B, Fig. 1: 


~ = 


with the ordinate gives a value of 48. 
r min for the inherent gamma dose rate 
Obtaining this 
is the whole point of the lith- 
ium extrapolation method, and comM- 


in the empty graphite. 
numbe I 


parison should be made with the rough 
estimate of 32 r/min made previously. 

As mav be 
B-B. the use of a collimated beam in an 


seen in Fig. 14, section 
off-center position allowed as many as 
10 lavers of evlindrical Li shield to be 
placed in the cavity. It was also pos- 
sible to place as many as three layers of 
Li shield outside of the 1-in. collimated 
beam. 

Since the opportunity presented it- 
self, the 10 evlindrical layers of Li were 
removed, and the three outer shells put 
in place. Readings were then taken 
on the 0.025 r-chamber, as the three 
large Li shells were removed, beginning 
The first re- 


Fig. 15), was obtained with 


with the outermost first. 
sult, 0.0094 
only the three outer shells in place. 
With this arrangement, all of the cavity 
neutrons are captured and the cavity- 
neutroh gamma flux must be zero, 
Therefore, the reading of 0.0094 must 
be due entirely to noncavity-neutron 

With no lithium in the cav- 
reading was 0.0221. It 
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itv, the ap- 





that the inherent 


gamma dose in the cavity consists of 


pears, therefore, 
57% cavity-neutron gamma and 43% 
noncavity-neutron gamma. 

This division applies, of course, only 
to the particular graphite cavity em- 
ployed. It is conceivable that spher- 
ical graphite cavities of varying radii 
might vield a novel type of information 
the 
fluxes in the column. 


concerning neutron and gamma 

Since even thin sheets of lithium are 
relatively opaque to the neutrons in the 
column, a thin-walled shell should be 
just as effective a gamma depressor as 
the same shell with its center filled with 
lithium. 


Fig. 15, the value for 


For the last three points of 
the abscissa in 
each case is not the actual wall thick- 
ness of the shell used, but rather the 
thickness that would be obtained if the 
given shell were filled with the maxi- 
mum amount of lithium possible (called 
These — last 


15 appear to con- 


virtual wall-thickness). 
three points in Fig 
nect smoothly with the first eleven, in- 
dicating that the role of the lithium has 
been correctly interpreted. 

Returning to the first eleven points 
of Fig. 15, the reason for the change in 


slope between the first and second 
points may be seen in Fig. 7, which 
shows the laminated lithium shield. 


From the photograph, it seems plaus- 
ible that, the removal of successive in- 
dividual shells 
decrements in the neutron sink effect. 
But the smallest cylindrical shield must 


should cause similar 


still be large enough to accommodate 
anr-chamber. Consequently, in going 
from the smallest lithium shield to zero 
lithium, a break in the curve of Fig. 15 
is to be expected. 

It should also be pointed out here 
that in Figs. 13 and 15 the abscissae 
That is, 
there is no a priori reason for believing 
that the sink effect of a given lithium 
shield will be a simple function of the 
wall-thickness of the shell. Norshould 
the sink effect, for that matter, be a 
simple function of any dimension of 
the shield. Actually, the sink effect 
probably bears some complex relation- 


are, in both cases, arbitrary. 


ship to the total surface area of the 
shield, but the important point is that 
the exact nature of this relationship 
need not be known to make the point- 
by-point extrapolation subtraction used 
in Fig. 13. Whatever 
realities may be, plotting the abscissae 


the physical 


in terms of wall thickness represents a 


coordinate transformation that must 





be the same in Fig. 13 as it is in Fig, 15. 

Since the completion of the experi- 
ment it has been pointed out that in 
Fig. 14 the cylindrical lithium shield is 
not equidistant from all points on the 
Therefore the 


flux of y-rays coming from area A is 


surface of the cavity. 


depressed less by the presence of the 
lithium than y-rays other 
parts of the cavity This 
geometry difficulty tends to give a value 


are from 


surface, 
for y, that is too low. However, be- 
cause of the rapid fall-off in source 
strength along the axis of the column, 
most of the y-rays in the cavity come 
For this 
involved is not 


from the hemispherical end. 
the 
thought to be prohibitively large 


reason, error 

In summary, then, a reading of 202 
“r’’ min obtained by exposing the ion 
chamber in the thermal column with- 
divided iis 
10°) of 


total reading), inherent gamma flux, 49 
x * 


out Li shielding mav_ be 


follows: aequired drift, 20 


(24%), and thermal neutrons, 133 
(66%). Since the thermal flux was 
1.SO X 10°) n em? sec, the number of 


thermal neutrons required to give a 
reading of lr on a 100-r chamber was 


(L.SO & 10°° & 60) 41338 Bi x I. 
At various times, five different Vie- 
toreen 100-r chambers were used. 


Little difference was noted between the 
five as far as response to thermal neu- 
trons was concerned. 

Absorption of y-rays by bismuth 
shell. 
refer to the empty graphite cavity. 
Actually (Fig. 9), the 
posed inside a double-layvered bismuth 
shell. 
plus two bullet-shaped sheaths. Its 


Conclusions reached up to now 


mice were @X- 


The shell consisted of two lids 


purpose was to increase the thermal 

neutron to inherent y-ray dose ratio 
Three measurements were made with 

a 100-1 


(3.07-em wall) to determine the effect 


chamber and a solid Li bullet 


of the Bishell on the mixed radiation in 
no Bi shell 


and 


the cavity. Results were 


22.7 r/min, thermal 


gamimas, 


flux, 1.96 * 10" nv (In foils); '-in. 
shell—gammas, 16.3, and thermal flux, 
1.94 * 10": L-in. shell—gammias, 11.7, 
and thermal flux, 1.93 « 10! Thus, 


the shell decreases the inherent gamma 
dose in the cavity by 11.7/22.7 = 0.52 
and has no significant effect on the ther- 
flux. In fact, it 
have been worthwhile to have used a 
thicker Bi shield. 
were a little higher than usual for this 


mal-neutron might 


The neutron fluxes 
day’s run because of an operational 
The 

55 


change in the reactor sphere. 








My 


FIG. 17. 


Bullet-shaped Li shield on graphite wedges, 100-r 
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. 18. 


chamber, and Lucite, Al, Bi and Pb ion-chamber caps 


rates 
than 


gamma dose 


course, lowe 
gamma because of 
of lithium present. 

In good geometry, transmissic 
1-Mey y-ray by 1 
] ] e7R e704 


actual transmission Is : 


Ith DI 


the spherical bad geometry 
If the inherent ganmima 
the empty cavity is 48.7 


this is reduced by a factor of 5 } ig 


re energy 


going through the Bi shells, t] h ! 


close received by the 
(48.7) Zo.3 1 
Rather than 


result, the poor geometry | 


min 

aecept tl ealeulated I 
sorption fly 
curve Was repeated while the 
The drift quired by I 
the 100-r chamber when exposed d sh 
the Bi is the same as withou ‘he | 


were in place 


first exposure in the Bi shield wa ot 
with no Li in place; the 

taken 5!) min after 
The drift correction \ 
r out of the total of 


the end of irradi ry 
tion 

fore, 7 
data, 
plotted as curve 


alter correction 


1 of | 
these data and the data { 


t} 














t} 
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5 layers of Li shield es 


Graphite mouse 


cage 
FIG. 19. Arrangement 


intermouse gamma effect 


56 


for measuring 


cient a 


i shells pos 


ullet shaped Li shield without the Bi 


tus thicknesses identify 


lalitatively as a 


oOrium 


Fig. 16) are normalized to 2.77 em 
curve B of Fig. 


rapolation of B to zero thickness of 


16 is obtained. 


ives an inherent gamma dose rate 
4.3 1 
nected 


min, to which the mice were 


Subtraction of curve B from A in 


l6 resolves the soft component into 


straight line, indicating a slow-neu- 


ron flux having an absorption coeffi- 


66 barns and aneffective aver- 
of 0.025 ev. This straight 


ie again represents the absorption 
thermal neutrons in the Li shield. 
Further studies in poor geometry. 
ther data on the inherent gamma 
ix of the column were obtained by ex- 
ing the 100-r chamber inside the 
ells and with caps of Pb, Bi, Al, and 
ite placed over the sensitive portion 


Fig. 17 


inherent 


| 


the chamber 


Since the 


flux 


netrated considerable graphite and 


VAT has 
re reaching the chamber, a sec- 
v-electron equilibrium may be : 
However. 


number 


AS- 
when a material of 


atom is added, in the 


form of a Pb or Bi cap, a new seeond- 


electron equilibrium must be estab- 


hed at a higher level. If the wall 
ckness is increased bevond this pot 


the 
ittenuated and there is 


optimum lonization primary 
oton flux is 
ver-all decrease in ionization within 
e chamber 
Che curves of Fig. 18 for Caps Of var- 
the radiation 
However 
e complex situation precludes a sim- 
quantitative Interpretation, 
Che curve for Lucite shows no signif- 
int increase, thus verifving that equl- 
before the Lucite was 


the 


existed 


led The small maximum in 


Effect of ion-chamber caps on 100-r chamber 


curve at 1e7inh. thickness could he due 


to the slight decrease in electron-stop- 


Li to Lucite. 


power In Irom 


going 
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PART TWO 
OF THIS ARTICLE 


appearing in March, discusses 


the irradiation of mice in the 


thermal column. 


Data are presented from 
which are estimated the remain- 
ing two correction factors neces- 
sary for determining the bio- 
ther- 


effectiveness of 


the 


logical 


mal neutrons intermouse 
gamma dose and the attenua- 
tion effect of the group of mice 


on the neutron flux. 


Results obtained with a 250- 
kvp X-ray machine are also 
compared with thermal-column 
data. 
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New Multiplier Phototube... 


Tive 
ATING 
\ 


co 


vgs) 


INTERNAL CONDU 











features 
short-time-resolution 
capability 


Here is the latest, improved, head-on type multiplier 
phototube design offering outstanding characteristics 
for use in scintillation counters. Its relative freedom 
from after pulses—derived from the stable, high-cur- 
rent-carrying capabilities of the dynode material—and 
its small spread in electron transit time make the 
RCA-6342 particularly useful for fast coincidence 
scintillation counting. 

Spectral response covers the range from about 3000 
to 6200 angstroms. 





The RCA-6342 is extremely sensitive for measuring 
low-level, large-area light sources. Its design includes 
a large, semitransparent cathode on the inner surface 
of its flat face end which permits excellent optical 
coupling with flat phosphor crystals. Results: (1) larger 
outputs from scintillation pulses, (2) minimum statis- 
tical spread in output-pulse heights. 

In addition, the focusing electrode of the RCA-6342 
permits optimizing the magnitude, uniformity, or 
speed of the response in critical applications. 

For complete technical data or design help, write 
RCA, Commercial Engineering, Section B31Q, Harri- 
son, N. J. Or call your nearest RCA Field Office: 
(EAST) Humboldt 5-3900 

415 S. 5th St., Harrison, N. J. 
(CENTRAL) Whitehall 4-2900 
589 E. Illinois St., Chicago, Il. 


(WEST) Madison 9-3671 
420 S. San Pedro St., Los Angeles, Cal. 
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CROSS SECTIONS 


Loading’ rod 


inner casing 


Outer casing 
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FIG. 1. FIG. 2 


Source assembly 


Top of assembly visible in laboratory 


An Economical Water- and Earth-Shielded 


Cobalt-60 Gamma-Ray Source 


By HAROLD A. SCHWARZ and AUGUSTINE O. ALLEN 
Chemistry Department, Brookhaven National Laborato 
{ pton Veuw York 


Many 


sourees are 


multiceurie Co gamma-t vater-tight can that is lowered into the 
im use tor radia- hove Water and earth are the only 
Most of these shield, and the 


lead shieldu [-—4 ! it as well as economical. 


currently 


tion chemical studies arrangement 


require Thiatssive 


| 


The cost of such shielding 1 1 rie luting the water from a thermostat in 


large compared to the cost of t tboratory, accurate temperature 


cobalt eS per inlly when ¢ s ensily secured 


chanical arrangements are 
introduce without 


Equipment 


radiation, and to inereas Che 


samples 


escape ol 1?0-curl tube of 


source Is a 


flexibility in the use of the sou ba 2.5 in. long and 1.8 in. inside 


nye 


another arrangement ) tl eneased in anodized alu- 


made for us by B. 


Otto 


is kept in a pit when not int ind) so minun It was 
and Kuhl ind acti- 


d in the 


is drawn to the surface for 1 inoOWwItz 
The whole room must then be sh Brookhaven reactor! 


In the present design, the col gure 1 shows the source assembly 
kept under water in a pipe buried i cobalt rests on three fin-like sup- 
the ground under the laborator welded to the oute 


Samples for irradiation are | ed ina v is ¢ ‘ tee] 


58 


container, 


tube 3 in 


ft long, buried under the 


| floor to a depth of 6 ft. A 


laboratory 


rests on the 
of this tube 


stainless-steel inner tube 


source: the bottom 12 in 

»-in. thick to provide extra 
from a thermostat is pumped 
1 gal 
emerges from three outlets 
top of the outer The 
water-tight fit- 


min down the inne! 
tube. 
provided with 
since the under 


inlet water Is 


pressure. Figure 2 shows the top of 
the assembly. 

Iminum sample ean is at- 

d to the end of a long stainless- 

rod, jointed in the middle to 

pulled out. <A 

pered prong on the end of the can 

fits into a hole at the bottom of the 

together with a three- 


when 


bending 


iner; this, 
pronged guide on the rod provides ac- 


urate positioning. When samples are 


removed, the wate! 
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being Ins rted or 





rned off and the top closure 


the 
fitted 


con- 


ce was brought to 
lead container 
lead The 
: suspended over the pipe 
the 


na 
door. 
rane and door opened, 
he source to drop into the 
it significant exposure ol 


idiation. 


Performance 
; the 
surface is unde- 

the 


wate! 


The shielding is overdesigned: 
vel at the 
By raising source to 
= under without 
and extras 
find 
it the most intense spot; 
the inner tube 
part should 
iping by 


0.007 mr, hr. 


tube present 
full depth, we a level 
with its 
the 
lactor 


reduce 
another 
The 


offer 


present 
apparently com- 
juate shielding for a 12,.000- 
In making another as- 

s kind, we could omit the 
ess-steel collar on the end 

ner tube 


and reduce the depth 


e ov an toot tor a source ol 
nt strength. 
within the source in 


17.800 r ohn 


ntensity 
(based 
taking 


oxidized pel 


953. Was 
), dosimetry (6, 7 
ules FesO, 
1935 ergs per gram-roentgen 
oducible and uniform to 


The temperature is usually 


25° C, and the difference in 
iture between inlet and outlet 
ess than 0.1 When the 
temperature was raised to 
difference be- 


fell to 2° 


temperature 
et and outlet 


ee hours. 


water 


irce has been in frequent use 
months and has proved con- 
The iis- 


recommended as an 


ul trouble-free. 
rhly 


source for radiation chemi- 


* 


it unde the 


gu Commission, 


carried o 


Ene 
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TABLE 1 


tion of COs (NO 


fanmii- 
ation 
») 
late c con ( l 


0093 
0264 
WAT 
S611 
0.1019 


Average 


* Instruments use were: 11 
Chicago 2Z610A, no ; } 


no, 302. 


cm 


Nuclear-Chicago n 


Uranium Contaminated Glass Surfaces 


1.100 0 842 
1.515 1.515 
0 S840 0.713 
0.860 0.752 752 
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Estimating Radium and Uranium 


Surface Contamination 


By EUGENE V. BARRY, 
LEONARD R. SOLON and 
HANSON BLATZ 

Health and Safety Division 
Vew York Office 
U.S. Atomic 
Veu 


O pe ations 
Ene 
York, Ne Yor) 


4 Commis 


An increasingly important problem, 
in plants processing uranium or radium 
bearing materials, is the evaluation of 
the mass of radioactive substance on a 
surface, in order that the significance 
of this contamination can be judged. 
the 


into 


situations as release of 


steel 


In such 
contaminated unrestricted 
scrap-metal channels or the return of 
ALC, for 
it is desirable that 


actual 


a plant leased by a term of 
years, to the owner 
a reasonably reliable index of 
mass contamination be obtained. 

An attempt 


this line in the present study. 


has been made along 


Known 
amounts of radium and uranium were 
steel 


used to contaminate and glass 


plates, and their subsequent activity 


measured with nuclear survey instru- 


ments. Indices have been obtained 


relating the measured activity to the 
specific contamination measured in 
mass of radioactive material per unit 
area, 

The limit of uranium contamination 


one may reasonably hope to detect 


when radium contamination is also 


present is discussed. 


Uranium Contamination 
[UO; 


nitrate 
different 
The solu- 


ige to permit 


Solutions of uranyl 


(NO;). 6H.O 


centrations were prepared 


having 
tions sufficient 
the U** to have achieved equlibrium 
with UXT and UX2. 


From each 


were ot 


solution 25 drops were 


Moh 


or less uniformly and centrally to each 


transferred from a pipette more 
square inch of a 5 X& 5-in. glass plate. 
The total deposition was recorded, the 
average mass of uranium per unit area 
calculated, and the response of repre- 
G-M 


observed with the shield open and with 


sentative survey instruments 
the side of the probe held in contact 
the plate. At this level, the 
gamma activity (shield closed) 


detectable 


with 
slight 
from uranium is not with 
this tvpe of instrument 


Three 


calibrated using Co®® 


used, all 
Re- 
sults of the measurements are exhibited 
in Table 1. 

For survey work using these instru- 


instruments were 


standards 


ments, an approximate rule of thumb 


is that a meter reading of 1 mr/hr* 
with the shield off are 
and not 


which are about twice the meter 


* Values of mr hr 


merely meter readings actual beta 
dose rates 


readings 
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in the new AMPHENOL CATALOG B-3 


The new AMPHENOL B-3 catalog has just been released. The 
B-3 is designed to give general information about the entire 


AS TODAY, 


AMPHENOL line of quality components—AN connectors, 
RF connectors, coaxial cables, sockets—everything made 
by AMPHENOL is concisely described and illustrated. 
From the B-3 you will be able to choose the components 
you need for quality electronic equipment. 

At AMPHENOL there is a constant concern with quality. 
design, engineering and production this AMPHENOL 
emphasis on quality produces quality components for the 
electronics industry. New ideas are a major AMPHENOL 
contribution to electronics. Connectors and cables with 
application possibilities thought impossible a few years ago 
are made by AMPHENOL today. 

The B-3 catalog also gives a complete listing of special 
‘atalogs and bulletins that will prove of value where more 
specific information is required on AMPHENOL components. 


TOMORROW’S AIRCRAFT WILL RELY UPON AMPHENOL COMPONENTS 


AMERICAN PHENOLIC CORPORATION 


chicago 50, illinois 


with the shield off represents approxl- 
mately 1 mg of natural uranium in 
equilibrium with UXI and UX2 per 
em? of surface. The actual index ob- 
tained for uranium contamination was 
0.90 + 0.15 mr, hr per mg of U/em?. 
In this calculation the results ob- 
tained with Plate Il were neglected 
since the readings were only slightly 
above background, i.e., 0.04 mrep hr. 
Because of the normal fluctuations in 
radiation count experienced with these 
G-M instruments, the evaluation of a 
contamination level lower than 0.02 
mg-U em? would be necessarily a 


very rough approximation 


Radium Contamination 


Using a similar procedure, a radium- 
salt solution was used to contaminate a 
variety of 5 & 5-in. steel and glass 
plates. Disposition of the plates is 
shown in Table 2 \leasurements 
with the shield open and closed of the 
subsequent activity were made with 
an AKC e¢lass-SGM = survey” meter. 
The results are exhibited in the figure 
on page 61 and Tables 2 and 3. 

The figure shows the buildup of the 
gumima activity with time normalized 
to 0.01 we Ra em*®. Analysis of the 
lata obtained with groups A and B 
indicated that the gamma response 
shield closed) of the detector was inde- 
pendent. ol the tvpe of surface con- 
taminated, provided the surface was 
covered with rubber hydrochloride 
For this reason the covered-plate data 
have been grouped together in the 
hgure 

The difference in the average gamma 
response, after six or more Weeks 
between the covered and uncovered 
steel plates Was small, but statisticall 
significant at the 0.02-0.01 level 
cording to the Student ¢ test 

Group D, the exposed and weathered 
steel plates experienced an appro hy 
to equilibrium but then proceeded to 
show diminished activities as the con- 
tumination was presumably removed 
by rain and wind The ratios of the 
open-window to shielded instrument 
responses, designated here as O S, are 
exhibited in Table 3 The data could 
not be grouped in the same manner as 

1 Table 2; the difference in the average 
open-window response between groups 
A and B, the covered glass and steel 
plates respectively, although not large, 
were highlv significant (< 0.001 level) 
using the Student ¢ criterion. 

Also significant, between the 0.05 
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TABLE 2-—Gamma_ Response of 


Radium-Contaminated Surfaces 


0 021 
0.055 
Oo O72 
0.154 


0 190 


0. 226 


O21; 


Group A: glass plates 3,4: each con- 
P30 1 rograms of radium 

vered with O0.0005- 

Kept indoors, 

3; each con- 
radium 
‘red with O.0005- 
Kept 


rams ot 
indoors 


Group C: steel plates 2 ach contami- 


radium and 


Group D each contami- 
us of radium, left 
outdoors on the 


tions Office 





difference in the 
the covered and 
ites Garoup Band i 


results of the experi- 
the 
onditions prevailing after 
Group D, the 


are not included, since 


immarized here fon 


more, 


ure subject to fluetua- 

her, and true radioactive 
vould probably never be 
Covered plates. Gamma 
0.040 mr hr/ 0.01 wg Ra 

the 
elded to shielded reading 
With covered 
O'S HS 


response 
vered glass plates, 


39.9 + 3.5. 


the ratio was 
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GAMMA RESPONSE of various contaminated surfaces 





TABLE 3. Open-Window Gamma 
Surfaces 


Response (() S 


of Radium-Contaminated 





Caamma re- 
0.0] 
steel 
6.6, 


plates. 
0.034 mr hi 


Unie overed 


Uncovered 
0.266 
we Ra Witl 


plates the ratio was OOS D038 


sponse Was 


cm 


Conclusions 
The 


contamination are 


following criteria for 
indicated for the 


surlace 


type of survey instruments used in the 
experiment. For uranium of natural 
equilibrium 
daughters UXT and UX2, 


0.9 mr/hr per 1 mg—l 


isotopic composition n 
with decay 
elm varnimea 
shield open). 

For radium contaminated surfaces in 
the 


been 


which radium bearing material 


undisturbed for 
0.0] 


has essentially 


six or more weeks, 0.3 mr hr pet 


wg-Ra/ cm? (gamma shield in place), 
and 12-15 mr hr per 0.01 pg-Ra em 
(gamma shield open 

Assuming it is feasible to read a 
survey meter by an amount 0.03 mr hi 
above normal background, one could 
hope to detect 30 ug cm? of uranium 
on a contaminated surface. 
emphasized 


However, it should be 


that as little as 2 & 10 uy cm? ol 


radium will vield essentially the same 
response with gamma shield removed 
The fact that the 
shield response fol 
15 to | 
by the careful surveyor 


open-window to 
radium is about 
must be borne in mind always 
when examin- 
Ing suriaces where mixed uranium and 
radium contamination is possible, 

a read- 
with the 


removed, 


A good working rule is this 
least 1.5 mr hr, 

shield 

taken as evidence of 
the 
through the gamma shield reads back- 
the 


ing of at 
Gi-M tube 
shall be 


contamination i 


Pura 
uranium 
meter response 


ground on contact with surface. 


one way ol 


than | 


If there is no evidence 


reading of° less 


the 


another, a 


mrohr with shield) removed ts 
arise from either 
than 0.001 yg 
than | 
tamination, or an equivalent combina- 
of both. The 


for the survevor to inter 


ambiguous and may 


less em?) oF 


radium 


uranium (less mg om con- 


tion easy temptation 


‘beta,’ and 
thus uranium, contamination should be 


avoided, 
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source 
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energy, 
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levels of 
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SHOE SANDER removes contamination from soles quickly, is made from parts of obsolete 


aboratory equipment. Picture below shows unit in use 
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Shoe Sander 
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Hot Lal tory Ope 
; 7 Laborato 


ration on this page 
ind’ efficient) method 
rdinary belt sanding ma 
lecontaminating shoes 
re parts ol 


lipment 
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Was Cut as wide as the 
enough to accommoda 


nticipated shoe SIZE 


tustened around the Absolute’* filter 


revent wear of the } 


ke up clearance between the 
dand the box cover \ | from a spring-loaded 


left at the front end return to 


rance Was automath 
le 4 path for ar and contam 1 pressure Is I ased 

dust to the vacuum cleaner has been In Use approxi 
machine runs at a slower months. It has not vet 
sanding: in thi to renew the sanding 
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m gear, is sufficient. 
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elt has been contaminated 
nough to transfer contamina- 

| » othe shoes one et: ‘e 

wcuum cleaner was modified by ther shoes. In one instanee 
glass-wool roughing filter it was decontaminated by holding a 


mesh at the blo ‘rin i ridge Corporation. Svracuse. N. ¥ 
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gainst the belt while the 
ning Another time, the 
rubbed with detergent and 


unit can result in a 
etliciency by cutting 
nsumed by personnel 


Labeling Bovine 


and Human 
Albumin with 1"” 


By RICHARD C. GILMORE, Jr., 
MARGARET C. ROBBINS and 
ALLEN F. REID 
Department of Biophy 

Vedica 


r the labeling of proteins 
ompounds has been 
ge extent because the 
tilable, and most im- 

ise the present methods 

these compounds 
etual in altering 
structure. We 

ibeling albumins 

ipt to increase the 

ct over that 

methods appearing in 
ture Yields of more 
ihbtained, and no detect- 


the protem molec ule 


Development of Techniques 


for labeling pro- 

present investi- 

ie same as that 

literature and 

nce IS76 (1) when 

that iodine com- 

Although the 

vVarv in. reagents 

luvxes employed, all are 

sume in that iodide is 
elemental iodine, which 
titutes onto the protein 
to give the iodinated product. 
lizing agents have been 
the protein is placed in 
either a buffered or an alkaline solu- 
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ing the substitution reaction. 


irlier methods invariably produced 
alterations in the 


protein 


videnced by oxidation of 


changes in the color 


> proteins to \illions and 


wiez reugents 


ition in the tvrosine 


ine residues of the protem 


respective 


Drechsel 


id and the efforts of Wheelet 


| Henze (6) in 
iodotvrosine that 


ittention to tvrosine us the group 


-binding prop- 


t t 


pound in the 


hich lodine was uund has been 
ited to Oswald 

m the known tvrosine content of 
protems it was observed by 
lodine 


than 


their tvrosine 


workers that) more 


was added to these compounds 
could be accounted for by 
Pauly 10 demonstrated 
al idd to the 
How- 


only if the 


content 


that iodine would 


midazole histidine. 


ever, this 


group ol 
reaction occurs 
amount of iodine present in the reac- 
tion medium exceeds that amount 
of being substituted onto the 

moieties of the protein 
Vauble 11 


i bicarbonate solution to buffer 


um and first intro- 


duced 
formed during the 


hvdriodie acid 


wodination of proteins Late) Blum 


?) iodinated 


Strauss ] 


proteins im 
ammonitim hy- 


this 
alteration of the 


solution 


containing 


xide and believed permitted 


iodination with less 
protein molecule than did the method 
that made use of the bicarbonate 
Wormall 


Various species by 


solution iodinated sera 


a modification 


tron 
Porn 


of the method of Blum and Strauss. 


immunological methods 


the etiects oft 


Phe use of 


for studving iodination 


proteins Was ver\ helpful as slight 


rations in the structure of serum 
s will produce detectable 
ges in the specificity of antibodies 
by these sera Worm ill ob- 
iat the 
\illions 


produced by the 


serum proteins gave 
tests and that anti- 
halogenated 
different from those pro- 
H\ unhalogenated 
ilmost completely 


pecies specineivty. 
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that 
proteins 


serve, howeve the incomplete 


lodination of permits some 
ineity of the sera to remain 
not obliterate the Millions 
indicated less alteration in 


than 


species sper 
ind does 

test. which 
heretofore 


the pre in molecule 


led to subsequent work | 
in an effort to determine the optimum | 
that could 
tituted onto a protein without altering 
ts ll 


tmount of iodine be sub- 


nmunological structure. Breine 


and Haurowitz (14) studied the action 
of iodine on agglutinating antisera and 
reported that more than 1% incorpora- 
ion of iodine into the protein resulted 
irked reduction in precipitable 
Although the method of Fine 
15) first to 


le radio-labeled protein for stud- 


nm a m 
powe 
and Seligman Was used 
provir 
ies of alterations in plasma volume 
during shock, other investigators have 
then 
with I 


studies with no apparent change in the 


used procedure for labeling 


proteins for immunological 
Using rabbit 


(16) 


structure of the protein. 
Butement 
the substitution of 


antisera globulin, cal- 
culated that 


than 10 atoms of iodine per molecule 


more 


of protein produced a marked decrease 
from an 
empiri calculated that 
7.7 atoms of iodine per molecule of this 
the to 
and still antisera 
These observations 
with the work of 
Wormall (17), 
detectable 
properties when their metho 
This 


13 atoms or 6.5 


of precipitable activity; 


vl formula he 


globulin was optimum ratio 


obtain retain full 


activity are in 
agreement Francis, 


Mulligan and 


countered 


who en- 
no decrease in 
antibody 
iwe-labeling’” was used. 


ol tr 


resulted In a ratio ol 


molecules of diiodotvrosine per mole- 
intibody, assuming «a molecular 
165,000 for the globulin they 

When I'*! that is 


at the present time, it may 


cule ot 
weight of 
emploved using 
available 
be assumed that 


the solution is ‘‘car- 


rier-free ind the optimum amount of 
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dick ( 
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the 1 idlolsotope 


Present Procedure 


While 
result in a product that is appar- 


all of the preceding methods 
will 
unaltered, the vields vary from 


30% 


enth 
fractions to about based on the 


amount of I used. The procedure 
reported here gives yields of labeled 
protein consistently better than 90%, 
based on the ['*! 
able alterations have been produced in 


the 


used, and no notice- 


protein molecule although im- 


munological or electrophoretic Studits ys oe 
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have not been carried out to determine The labeled albumin is ready for use 
this accurately. Labeled bovine al- The dialyzing tubing has not been 


bumin prepared by this method has treated to remove the possible pyrogens 
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been used with very successful results present, but no such reaction has been 
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~\ 


18), and no pyrogenic reactions have observed during the time that the 
heen observed. Assuming the I'*! to labeled albumin has been used in 


De carrier-free’”’ and albumin as animal experimentation. 
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ing a molecular weight of 70,000 rhe solutions, with the exception of 


MAAAAA 
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ratio of total iodine molecules used the phosphate-saline buffer, are pre- 


. 


° 
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ch experiment to the number of | pared just before they are needed for 


‘ss Of albumin used calculates each experiment. Comparable results 
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:1, and is in excellent agreement have been obtained when human 
h that reported in the literature of albumin is used in place of bovine 
minimizing alterations in the protein albumin In one experiment, the 
wlecule during the labeling procedure ‘ld of I! labeled bovine albumin 
n if all of the iodine were incorpo- was not appreciably different when 
rated into the protein, 500 mg of bovine albumin in 2 ml of 
phosphate-saline buffer was employed 
Experimental no other changes being made in the 
se procedure outlined. 
The following reagents were used 
*hosphate-saline buffer (8.46 gm 
7.24 gm NasHPO,-12H,0, 0.53 
NaH POH 9), made to volume b ho ap ogy i “e (-2 
| liter with distilled water. 2. vional Heart Institute of the Nationa 
w/v) guanidine hydrochloride nstitutes of Health, [ lic Health 


. = a The adioisoto pe pas urnished 
solution (Eastman 749). 3. 0.217% iil es ne . of Bet ty 
v/v) potassium iodide solution. 4. 
10.0% (w/v) ammonium persulfate 
nade up in the phosphate-saline BIBLIOGRAPHY 
buffer 5. Bovine albumin powder, 
fraction V from bovine plasma (Ar- 
mou! Laboratories, Inc., Armour and 
Company, Chicago, IIl.). 6. U. S. P. 
salt-poor solution of normal human 
serum albumin (Code 684-20, Cutte: aka tins hem. 61, 64 (1907 
2. 70, 310 (1910 
tion evaporated to dryness an he \ tld a he Hig aa 1911 
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they have such a “trouble-free” reputation. NRC Vacuum Furnace bulletin 
now in preparation. Send your name for a copy. 
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BOOKS — 


Experimental Nuclear Physics, 
Vol. 2 


E. SEGRE, Editor (John Wiley & Sons, Inc., New 
York, 1953, viii 600 pages, $1 2.0( | 
viewed by R TASCHEK | 


Scientific Laborato Los A 


This second volume. ot 
trilogy contains Part VI 
dred page “Survey of Nu 
tions” by Phillip Morrisor 
VII, somewhat less than fo 
pages on “The Neutron’ 


Nuclear Reactions 

Perhaps the simplest cl 
tion which can be given of the 
on nuclear reactions is that of 
picture,’ whieh is as it should 
exposition of theory for a 
experimental nuclear phys 
rison ists ~neceeded remar! 
in explaining in words the ge 
even detailed aspeets of mu 
tions from very low energie 
100-Mev region. This 
that formulae and derivation 
imized, but rather that the 
to port up the argument 
stunding of the processe 
plained It would, howeve 
generally possible for exper 
to use the formulae in thi 
calculate fits to data, Le 
ment is not in sufficient 
detail 

The approach chosen emp! 
marily the use of compour 
formation with subsequent 
lowing the Weisskopt 
timeost 
mode! 


le vel or 


ilthoug! 


been add 
haps need 
tions 
cussion of wi 
nuclenr re 
tion to the 
This is fo 
tages and 
tion for 
etration ta 


them gra 


70 





statistical model 
“at clarity, first 
solated resonances and the 
the one-level resonance 
shift and effects of 
‘l pical resonant and 
cross sections as Tunctions 
W ire discussed in section 7 


two ¢ hapters are devoted to the 


eases of low-energy deuteron 


ons and to gamma-ray deexcita- 


excited nuclei respectively ; 
is briefly discussed but not 
is au state of: , ual nu- 
fission process 1 milly 
ussed in section 10; the gen- 


ven, but no experi- 


sections, the ground- 

aid for Nuclear Reactions at 
which, to the best of the 
knowledge, Is a subject not 
where as a unified extension 


" 
ui energy range oF nucieal 


of view is well 


it here; meson formation | 


nucie 


method { 
sion emfects 


nuclet 


moment, following which the simplest 
interactions (with protons and_ elec- 
trons) are discussed. It is interesting 
listed here also those experi- 
at presume to study directly 
on-neutron interaction. 
ong sections that follow the 
basic introduction cover, first, /nter- 
action with Nuclet and then Sources and 
Detector Che compound nucleus for- 
mulation venerally followed in the 
discussion for neutron interactions, 
there being some repetition of subjects 
in Part VI such as the penetrabilities 
listed on pp. 51 and 262. The explana- 
tion and figures for level spacing, res- 
onance theory and potential scattering 
are excellent There are figures of 
observed total cross sections compared 
with theory for specific regions of the 
periodic table. It is unfortunate that 
the book came out too soon to include 
the higher nergy total cross-section 
data of the Wisconsin group, which has 
led to the ‘‘ cloudy erystal ball’ theory; 


mention of these data is made in a foot- 


note on p. 285 Useful tabulations of 
slow-neutron seattering cross sections, 
parameters, radiative-cap- 
sections, and thresholds for 
n,2n) reactions are given 
ission of the difficulties and 
of inelastic scattering 
ield in whit h 
at pres- 
| ly unsolved 
measuring the angular dis- 
elastic s« ittering In the 
| treated. 
of the sources 
measurements in 
} 


Prom the thermal re- 


1O00-Mey 


pped deu- 


V7 OT) ron region is 
\leKibben 
Is Outdated 
it 1,019 
the long 
e ride 


esults 


rmation 


presented 
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irt VII seems to have re complete 


references to the unclassified 
Ss book Is a highly desirable one 
practicing nuclear physicist to 


The 


nted on 


authors are to be com- 
being able to bring so 
the this 


moving field. 


date information in 


Report on the Atom 


By GORDON DEAN (Alfred A. Knopf, Inc., 
New York, 1953, vii 321 pages, indexed, 
$5.0C Reviewed by Jerome D. Luntz 

t NUCLEONICS 


he likes it or not, atomic 


today affects the life of every 
this 


ition to 


world. Consequently, 


working with 


those 
it behooves laymen to 


energy, 


for the significance of 


( feel 
However, there are 
the 


f the Atomie Energy Com- 


some 
nontechnical com- 


vho must go several steps 
*k then is the storv of what 


chairman 


mimissioner forme! 
earned when he had to wrestle 
he atom in his day-to-day work. 
fine, readable survey of what 


t ~ 
l 


atomic energy program 
it some of the problems are, 
the 
This 


infortunate in that, because 


ntended to be and is, for 


t, an impersonal story. 
ist necessarily operate in se- 
the publie has no clear picture 
oblems that beset this agency. 
ire some places where Mr. 
readet 


es the a glimpse of 


On the rela- 


these problems. 
hetween the Pentagon and the 
\Ir. Dean “The task of 


ng with the military .. . is 


Says, 


although it is 
One 
hat the 
what 


sometimes 
this is 
military suggests 
the 
on weapons production re- 


but 


reason fol 


Commission 
also how it should he 


ther problem with the military, 
ng to Dean, is that “the Com- 
Joint 


frequently receives a 


requirement’ for a particular 

family of weapons, or a new 
to produce a certain material, 

production site, without any 
nsultation between the Chiefs 
This is wrong. 
lacking. It is 
not furnished by the Military Li- 
Committee What is needed 


the 


e Commission. 


son ...I18 


unplugging of 
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For SAFETY Sake 


Get 


The EXTRA PROTECTION 


This KEWAUNEE HOOD Gives! 


This new Kewaunee Safety Hood No. 3635 
gives your laboratory personnel 5-way protection: 


e Hood constructed entirely of 14 
ga. stainless with 4” thick 
Pyrex glass viewing panels and fluo- 
rescent light. 


steel 


e When gloveport panel is removed 
for fume hood work, uniform veloc- 
ity of 100 ft. per minute is provided 
through the opening. 


e Interior of hood and all welds 
ground and polished to satin finish 
for easy cleaning and decontami- 
nation. 

e Hose connections for air, gas, 
vacuum, hot and cold water and 
110v electric current. Integral cup- 


@ PROTECTION IN HANDLING RADIOACTIVE MATERIAL 


@ PROTECTION AGAINST BACTERIA 


@ PROTECTION AGAINST VIRUSES 


© PROTECTION AGAINST TOXIC MATERIALS 


@ PROTECTION AGAINST FUMES 


sink and swivel spout water fixture. 
Neoprene gaskets throughout 

e Blower, sterilamp, receptacle and 
fluorescent light indicators and 
switches conveniently located out- 
side. 

e Exterior of hood and steel base 
finished with acid resistant enamel. 
@ 1-piece welded stainless steel tran 
sition duct section. Provision is made 
for attachment of vestibule or en- 
trance chamber to either end of hood. 
e Outside measurements: Height 
(with stand) 6 ft. 6 in.; width 2 ft. 
8 in.: length 4 ft. Hoods also avail- 
able in 5 and 6 ft. lengths 


Write for descriptive literature and drawing on the Kewaunee 3635 Safety Hood 


We also manufacture all types of Stainless Steel Equipment for radioactive 
laboratories. Laboratory tables, sinks, etc. for all types of laboratories. 


Manufacturers of wood and metal 
laboratory equipment 


Representatives in principal cities 


Want more information? 


Vf) ~~, 
Aewaunce MY. Co- 
J. A. Campbell, President Ma 
5083 S. Center Street ° Adrian, Mich. 
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isco" ™" NIUICLEAR ENGINEERING 


In several places Mr. Dean « 
sized the importance to the U.S 


ting uranium trom = foreigr 


“In countries where there i a Penn State to Build Reactor 


nium program,” he said 
States must be prepared 
deposits are found, to make 
equipment, It must be prey 
to lend money and furnish other in By W. M. BREAZEALE »stueld the beam holes from fission- 


ducements, In addition ow ul The Penr ania State College uct gamma ravs after shutdown. 


to continue to get ore from abroad \ State College, Pennsylvania The facility will be built in the side 


must be prepared also to give u ! : f a hil Only the beam-hole-end 
. . CI \RING ) “di -cCon- 
tain information . . and technolog. LEARING THE WAY for immediate _ Will be exposed. Karth will form the 
st ction, the trustees of the Pennsvl- . 

which will aid these countries in lielding on three sides of the pool and 

; ; i inia State College have approved use¢ : a 

their own atomic) program et heavy concrete blocks will shield the 

I funds for a research reactor nm 
allv, according to Mr. Dean : rth es ir Che building will extend 
peratiolr | we reactor, W nruel 1 

supply all the needs of our atomi , si atnap " *VoTu beam holes to provide labo- 
: —_ sf i ited by the Atomic Energy Com- . y 

ergy program trom our low-grad : sé atol pi around them 
m uch as phosp] , mission, is scheduled for early 1955 " 

nitim sources, such as phospha Or ; I ifety and control equipment 

OR ” he “t] nat , Although AEC has approved the ; : 

ut, 10 SUVS, HWS uran tual all vill be nilar to that described by 

I rowed E { i oc: loth is . é 

cause of the low grade of the on eelint cou! allocation Together, the three boron- 

, ; subject to the school’s agreeing to ob- 


cost several times as mucl 
; . ( ( heal safe and securi 
nium in Canada, the Congo a or : uth, safety, and securit ( T vetivity , { and flux- 


rods will he worth about 


orado plateau and South Afra ' t t ‘rioad protection Il be provided 
Peciuity 0 > l | 1e = 
One very interesting chapter is sy . en oe ? etromic satety circuits will be 
i ; , Cul us, will be modeled after the . 

OW it OMMISSION @XpPansiolr ete ' Implihed by combining the preampli- 
ea re - pec: , Shielding Facility at Oak Ridge : y 
place. 1@ steps described are: det = ‘ 1 | le! rma impuher Inagnet amplifier 

il Laboratory timate 
mination of the need, proving t ; . nanan , and period amplifier on one chassis 
securing Congressional approval. deci the building, reactor, pool T re | 1] ea 
y y Mal apy . hl vu ng rod will be driven by AT 
sion on whether to build a new si ’ oe eee Se ee Ree imp! rvo system much like that 
ood of $300,000, exclusive of exper ii sie 
decision on whether to build a1 aance atonetin = ggested by Cole. 
(sovernment town and SCLECTIO ( t ental equipment rhe reactor — yi I ding ana pool to he built 
: he housed in a steel frame bay 60-ft 
site va suite vn itractor, were designed by the 
30-ft wide, and 30-ft high rhe 
sity’s architectural engineering 
ilework will be covered with insu- ae 
, departmen Phe reactor itself, with 
metal siding \ two-story shop 


ALSO OF NOTE na ff e Wing will he attached to the Bia: ‘seperti the electronic rina 
(yl Ipmen 1 


ind the fuel elements wil 


l ited in the university's shops. 

Britain's Atomic Factories. ‘T'} operation will be at a power The fac : will be located on the edge 
page booklet presents the first pietur , 100 Kw lhe facility Is ex- pus where n lable 
, Campus were TOOTH Is avallable 

oe ae i a ee ito be operated on an unclassified 

of Britain’s facilities fo productio I a » necessarv exclusion area. 


fisstonable materials Phe seesncasaaae Bull hield | q » about 250 ft on a side The 

ative raricnartar K muIK Shielding LCHuity ‘ 

trative set-up with headquart ; : hy ; ; primary purpose of the fence is to ex- 

t » t » operations of Spr CLESCTIDE( l the re- : ie 

Risley, and the operation t ; ; onnel who have not had in- 

fields (ore processing), Windseale (plu pil ‘ ‘suspended from a mova- ever and re 
, sies and re- 

tonium production and Canenhurst ive on which the control equip- ieee la 

n ‘ be located The bridge will : , ‘ 
British Information Service ) ocke Moul d on wheels that rest on the 


lier Placa New York #0 ithe pool. The pool is 14-ft Program for Reactor 
, long, and 24-ft deep (m 
Translation service. The Specia ding is provided 19 

braries Association, in cooperation \ vite thove the active lattice A 


gaseous diffusion plant) are 


reactor engineering and 
s courses will receive 


he John ( Lil | | Pen gancane 
the John rerar Library, \ reated ! ol an oles will extend , 
’ ice sek : “i that a number of other 


translation service based 1 ig pool Walls movabl] Bee 
be inaugurated rhese 


of 1,300) translations ! ns gat | pool 
Lele analysis by radioactiva- 


may be made to the poo 
F sotope production, radia- 
ol good copies Ol <I l ‘ } in , osed and the srver 
j 


Photoprint or microfilm coy f the ( n of pool drained. Personne! 


re studies trace! work 


Mentions fl } product 


translations listed mav be obtair lat the ro into the drained portion sinete 
zZ hn, neutron diffraction, ete 


the regular rates charged by 

Library. A price list wi 

request S. L. A. Trans 

John Crerar Library, St R n the beat les because 


St., Chicago 1. ] n be m Lt sufliciently Wi I I E Nec nics 11, No. 2. 32 (1933 
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LETTERS — rc 


D.O: Cost Is Key \ x 


N N \ 
\ \\\ 
: WN NS 
Nay NAL QQ 
DEAR SIR 


[ have just received the December, | Zz S TYPE N522 RA TEMETER 


1953, NucLeontics and am rather dis- 
turbed to see on page 10 [* Interna- 
Developments in Heavy Water 
Reactor Technology,” a report of a 
meeting in Norway] a paragraph 

beginning 
\ less optimistic forecast for heavy 


water power reactors was made by John 


V. Dunworth of England.” 


This paragraph has been taken out 
its context and leads to the conclu- 
on that Ido not see a future for heavy 
water reactors except lor use in ship 
propulsion I believe that this state- 
ment is true only when we are faced 
ising heavy water at prices 
f $100 per pound. How- 
every reason to believe 
ossible to make heavy water 
cheaply, and in this case I 
re mav well be a future for 
heavy water moderated 
for the generation of wer _ ; ; ; : 
This is a precision counting-rate meter incorporating an input amplifier and a 


Joun V. DuNworTH 
gu Research Establishment 
Harwell, England 


built-in variable high-voltage supply. It requires only the addition of a G.M. 


tube or scintillation counter to form a complete counting equipment. This 
ros omitted the words * un- 


rice were very drastically low- new instrument is a development from the Ekco type 1037 which it replaces. 


e report it recewed, not real- 


Dunworth felt so optimistic 
f SPECIFICATION 


in the price of hea / water. 


INPUTS. The unit operates from positive pulses INTEGRATION. A series of integrating 
within the range §v to §ov. An amplifier is provided constants 1s provided, extending to 8o seconds 


tor > with G.M. tubes and has s\ dg 
Xo XI — Xe ae ae a8: - ee ee ACCURACY. For steady-rate counting the circuit 
A2, AIC z D2 5s operates fro ved . . 
WAN FED ' ; cts accuracy is better than 1”, and that of the meter 
. _ s bette abov ud-scal 
| . DISCRIMINATION AND PARALYSIS. The  * Detter than = 1°) above mid-scale 
discriminator permits only those pulses whose HIGH-VOLTAGE SUPPLY. [wo ranges, variable 
amplitude exceeds the pre-set level to be counted, from 250 to 10 volts and § to 2 volts 
E it f this level being indicated on a 34” meter. The Stability + 0.5°, for + 10°,, mains variation. The 
I ors or Ratemeter can be rendered inoperative for pre- maximum output Current is 80 microamps up to 1§00 
determined periods of § microseconds, 200 micro- volts decreasing to 10 microamps at 2 volts 
se nas Ss . sat -ce told B. 
conds or § millseconds after receipt of a pulse EXTERNAL POWER SUPPLIES mei de 
available to ‘rating an external quench unit or 
RANGES. Fight ranges are provided giving the s see po oho a : 
: itillatic ) 
following full-scale rate reac rs = . 
3, 10, 30, 100, 300, 1000, . . pulses per MAINS INPUT. 100-120 volts and 200-250 volts, 


second. 40-60 c/s. 








---Need men with several 
years experience in atomic 


energy field 
---or recent graduates with ELECTRONICS 


strong college nuclear back- 


SCALING UNITS SCINTILLATION COUNTERS COUNTING 
ground ; 


RATEMETERS © RADIATION MONITORS * VIBRATING REED ELECTRO 
Send resume, salary METERS - G.M. TUBES ~ LEAD SHIELDING CASTLES ~ LINEAR 


requirements to AMPLIFIERS "COMPLETE COUNTING INSTALLATIONS — ACCESSORIES 


The Editor NUCLEONICS EKCO ELECTRONICS LTD., SOUTHEND-ON-SEA, ESSEX, ENGLAND 
330 West 42nd Street AMERICAN TRADAIR CORP CHRYSLER BUILDING. 


Canadian Sales & Service 


New York 36, N. Y. CANADIAN AVIATION ELECTRONICS LTD., 6214 COTE DE LIESSE ROAD, MONTREAL, QUEBEC 


ervice 
405 LEXINGTON AVE., NEW YORK 17, N.Y 
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NEWS 


Eisenhower Submits Largest Atomic Energy Budget, 
Calls for End of Government Monopoly 


nt of nuclear power Came in the 
In his official 
that would permit broader industry participa- 
dent the 


to industrial developme 


A big boost 
President’s first 


idget message to Congress. 


full-length bn 
endorsement of legislation 


tion it} such developm« nit. the Pres said time has come to 


‘depart from the federal ge 


{ ' \ 


existing monopoly in the fi research mig 


“Su h widespread purty ! ri¢ Y while are necessar 


continued would be oa Cimulatil ivances In atomiue science 


and leavening force in this fesearch and development 


field and will be consistent onstruction of experimenta 
best traditions of American 


development ' ( ors that 


sto continue on several 
show promise 


devotes S2 7 ' pro Ing power at econon 


the total 


The proposed budget 
million to atomie energ) 


previous vearl proposals ullid pD nilable for these 


The Presidential mv 


ettorts to promote t hie 1M rience nm 


atomic energy both in tl nations supp 


in friendly foreign nations putting imceres 


S. to share infor! 


development “he said e] l | on the | 


] 


particular upon the reactor technolog 


industrial atomic power enhower prom 
use.’ 


The Atoms | hel 


bucdvet awh months 


to permit 


rmation 


» this enthus 

Of the proposed S43.6-1 
iture for reactor ce 
the year evn Ju 
SIZE pore 
under 
Kleetric Cory 

Anothe 


BRITISH POWER STATION model shows how reactor buildings flank turbine house. 
Fans in low wings on reactor buildings move heated CO» from reactors to vertical 
turbo-generators in turbine house 
The plant, being built at Calder Hall, will be 


boilers outside. Steam from the boilers drives four 
Towers at right cool turbine condensate 


finished about mid-'55 
74 


mote peaceful uses of atomic energy 


Nations 
Authority to fully participate 


outlined in the United 
agency would be requested 
rate legislation 
r the budget submitted to Con- 
gress lust month, the operating expend- 
ARC from $912- 


ion during the current 


itures of would ris¢ 
fiscal year 
1955. fiseal 
primarily to ex- 
Oak Ridge 
Hanford 


materials 


on during the 
s is due 
operations of the 
Portsmouth and 
production facilities Raw 
for these plants are now said to 


neecdec 


be avallabie 


AEC Approves TVA 
Nuclear Power Study 


Valley 
t the 


Authority 
Atomic En- 
a study of 


rhe Pennessee 


like 
i ispects ol pro- 


i commercial 


ir to those be- 
ite industria 
one-year study 
Reports and 

he submitted to 


portion of 


it Oak Ridge 


Midwestern Schools 
Plan New Cosmotron 
\ 


g of seven Midwestern edues 
lan to cooperate 

sing a pro- 

costmotron 


\linnesota 


ned ine 
ve hope that 
rojects Will 


Vale 


GE Preparing New 
Radiation Laboratory 


idiation lab- 
Schen- 


dat 


ectrie Com- 
| consolidate 
studies of 


mnaInY 


radhition tech! 
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tv, a part of GE’s General 
ng Laboratory, will occupy a 
building near the main 
version at a cost of $300,- 

i\ 
¢ will house six separate 
ries equipped for safe han- 
mctive material. Remote 
ces, monitoring equip- 
pecial clothing will be pro- 


personnel protection. 


PHS Offers C'' Compounds 
for Medical Studies 


of radioactive cor- 


be supplied to qualified 


through funds from the 
Health Service’s National 
Arthritis and Metabolic 


muinds, including corti- 
ntermediates obtained 
ire also available. 
etter torm deseribing 
esearch mav be sent to 
Study Section, Divi- 
(arants, National In- 
Bethesda 14, Mary- 
ind use of the material 


nergy Commis- 


Brookhaven to Build 
25-Bev Synchrotron 


nergy Commission has 
and construction of a 
iting gradient svnchro- 
en National Labora- 
It will be com- 
vears 

on synehrotron will use 
ite strongly converging 
ignetic fields to confine 
i tube of relatively 
This allows the 
vh-energv beams with 
enets ind related 
uld otherwise be 

iD 106). 
by magnetic 
racetrac k-design CV- 
wi ot having the 
> snme direction in 
rnet, the direction 
alternates from 
field increases 
the eve lotron in 
tion and increases to- 
de in the next section. 
ition of converging and 


erging es is found to have a cu- 
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The Editors Hear 


There is speculation that the President’s international atomic pool proposal 
may sidetrack domestic atomic energy legislation. At this writing this does 
A handful of bills (on industrial participation, 
patents, technical information, organizational details, etc.) have gone through 
the hands of the commissioners of AEC and are going the rounds of various 
governmental agencies. They should reach the Congress by early February, 
with hearings on industrial power legislation to start by mid or late February 
* 
Some things that affect the domestic atomic energy scene may get wrapped 
up in international diplomacy. For example, a report on the U.S. reactor 
development program was promised by the AEC in 1949.) A number of 
attempts have been made to produce such a report. The latest (last summer 


not seem to be the case. 


for the Joint Committee power hearings), although it was said to contain no 
classified information, was pulled back at the last minute for policy reasons 
Now it appears that what some call an innocuous report may be held for re- 
lease at some strategic time in negotiations between East and West 
e 

With the rapidly growing university interest in research reactors (about 20 
schools are at various stages of planning), legislative action is necessary to 
legalize university possession of more than bomb quantities of enriched fission- 
able material. 
the campus. 


In the interim, AEC must provide a government custodian on 


* 
A testimonial to the positive interest of industry in atomic energy will be 
It is reported that the 
Dow-Detroit Edison team of nearly 30 companies will spend nearly S2-million 
in 1954—this before any change in the Atomic Energy Act 

e 
The AEC Senior Responsible Reviewers were scheduled to meet the last 
week in January to review declassification policy from top to bottom. — “Phis 


the extensive activities of one nuclear power group. 


Was in anticipation of another tripartite (with Britain and Canada) declassiti- 
cation conference later this year . The six-man U.S. group is one short 
with R. HE. Crist of Carbide and Carbon having resigned recently Another 
member, J. Ro Richardson, of the University of California, is on leave with the 
London office of ONR. 
* 

The midwestern group of universities that combined to build a large ac 
If AEC builds a large 
machine in the Midwest, it will probably be on the Argonne National Labora- 
tory reservation rather than on the university-selected site 


celerator may not get the AEC money it is seeking. 


Phe schools are 
trying to raise their own money (320 million) ... . For the same reason 
(apparently to assure continued interest in the national labs) AEC decided to 
locate the recently announced 25-Bey machine at Brookhaven instead of on 
the campus of one of two universities that wanted it, 


« 
A program for the development of one or more “ package” nuclear power 
plants suitable for use at military installations is about ready for presentation 
to the five-man AK¢ 


mentary budget request through in time for the fiscal year starting July | 


If approved, there may be a drive to get a supple- 


The first such plant would undoubtedly be built’ stateside for convenience, 
If the job is put out on bid to industry, there are 
It is EXPE ted that the 
capacity of the plant would be no bigger than 20,000 electrical kw 

. 


The AEC radiation instruments branch ts carrying out a survey to see 


training of personnel, et 
four companies that may bid on a lump-sum basis. 


what the comparison is between AEC buying of commercial radiation instru 
ments and AEC building its own. 

® 
The so-called AEC five-year program of reactor development, prepared at 
the request of the Joint Committee on Atomic Energy, has not yet been ap 
Phe program calls for four reactors: a 10,000 kw 
boiling water 


proved by the Commission. 
(heat) sodium reactor experiment (SRE); a 1,000 kw: (elec 
reactor: a 50 megawatt (heat) breeder; and a 50 megawatt (heat) homogeneous 
unit. A fifth item, which some call the key to economic nuclear power, is 
a fabrication plant for plutonium fuel elements, 
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mulative convergent effect 
to the convergence of light 


} 


ing converging and diy 


The convergence of the 


ticles is so strong that 


chamber in which the p 
can be small compared to 
chamber necessary in large 
today 

The small vacuum chat 
the magnet around it to be 
The magnet units of the cosmo 
operating at Brookhaven 
In cross section; magnet ser 
will be onl 

This will pre 
omies in the design 

The orbit 


Bev accelerator will be 


svnehrotron 


cross section, 


diameter ot 
HOO) ft 


+ 


pared to the 60-ft diameter of the 5 \ \\ 


15 set as the deadline 
Ridge 


Pechnology is planning to ac- 


th March 


cosmotron, heation 
ications 


Oak School of 


he icTor 


1955 ses- 


ept SO students for its 1954 
RAW MATERIALS a 


training 


uding the now in 


group 


ORSORT has trained 


@ Australia. Surface 


; : 200 reactor engineers since its Inception 
extremely ricl 


Norseman 


vest an em 
OU) 


in the 
Australia 


iculum. includes 


WiIVSIS reactor enginee 
\ ' cto technology 


s, reactor 


7 experimental 
@®New Mexico. sae 
materials 
nium-ore-treating pla! 
at Shiprock, N. M 


Division of 


The plant, fi 


stl reactor nuclear }! Vsic 


desigi Students 


sil 


uso particl- 
engineering ie 
research, design 


Oak Ridge Na- 
Both ORSORT 


‘ ctual reactor 
chinery Co. are 
construction. at 
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HOW TO TEACH A MISSILE 
to read a map 


























Zwish! And off goes a missile. But where? And how to stay on the 
right track? And how to find the target? That’s the problem Ford 
Instrument is helping to solve. 

This is typical of the problems that Ford has been given by the 
Armed Forces since 1915. For from the vast engineering and pro- 
duction tacilities of the Ford Instrument Company, come the 
mechanical. hydraulic, electromechanical, magnetic and electronic 
instruments that bring us our “tomorrows” today. Control problems 
of both Industry and the Military are Ford specialties. 











a spot for you in automatic control development at Ford. 
Write for brochure about products or job opportunities. 
State your preference 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


— 12 
You can see why a job with Ford Instrument offers young @ 
engineers a challenge. If you can qualify, there may be FORD. FORD INSTRUMENT COMPANY 
| | 
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VERSATILE | 
REMOTE 


A wide range of hazardous opera 
tions are performed safely with the 
new General Mills Remote Handling 
Manipulator. The unit offers un- 
usual strength (can handle objects 
weighing as much as 750 pounds 
and superb control (picks up eggs 
without cracking them 


Continuously variable power and 
speed controls are easily mastered 
and eliminate many of the restric 
tions found in hand-powered or 
position-controlled mechanisms. 


WRITE TODAY for complete 
details on the Remote Handling 
Manipulator. We'll be happy to 
have a representative call if you 
wish. 


Mechanical Division 
General Mills Ine 


1620 Central Avenue NE 
Minneapclis 13, Minn 


@ Industrial Instrumentation 
and Control 


@ Specialized Precision 
Computers 


@ Stratosphere Vehicles 


78 Want more information? Use post card 


News Sidelights 

Physical research contracts. Forty-two unclassified pliysical re- 
search contracts with universities, private research institutions, and 
Atomic 


Research includes accelerator and eveclotron 


industrial laboratories have been announced by the U.S. 
Knergy Commission. 
work and investigations of behavior of materials at extrem temper- 
atures, generation of high voltages by nuclear radiations. vaseous 
chemical reaction kinetics, metal-ceramic bonding, and uranium ae- 
cumulation in vegetation. 

ae 


Tumor-treatment reactor proposed. Based on initial experimen- 
tal work by the Brookhaven National Laboratory medical department, 
the laboratory has made an informal proposal to AEC for a small re- 
actor for treatment of malignant tumors 
e 

Pakistan laboratory. The Pakistan government will accept the 
British government's offer to provide, under the Colombo Plan. free 
equipment for a nuclear laboratory for the Pakistan Council of Scien- 
tific and Industrial Research. 

a 
A 1.2-Mev Cockeroft-W alton generator is opel 


ating in temporary quarters of the Tata Institute for Fundamental 


Progress in India. 


Research at its new home near Colaba. It will be used for funda- 
mental research and to obtain data for reactor design. In the belief 
that science does not flourish in an atmosphere of secrecy, Prime 


Minister 


peaceful atomic energy work of the institute. Ele made the state- 


Nehru stated that there would be no secreev about the 


ment during ceremonies connected with the laying of the foundation 
stone for the institute’s permanent home. 

ea 
Award for isotope application. An annual award of $1,000 for 
‘outstanding contribution to nuclear isotopic applications in the field 
of chemistry” has been established by the Nuclear Instrument and 
Chemical Corporation of Chicago. Ut will be administered by the 
American Chemical Society. 

o 


W ater-boiler reactor delivered. North American Aviation’s atomic 
energy research organization has recently delivered a 100-watt water- 
boiler-type research reactor to the California Research Company's 
The unit, second of this type built by NAA, is fueled 


by about four gallons of an aqueous uranyl-sulfate solution within a 


Liver More labs. 


one-ft-diameter sphere. 
oe 


Lithium in thermonuclear weapons? — [1 estimating that the cost 
of tritium produced in the $1.5-billion Savannah River plant “will 
not be much under Sl-million a pound.” Ralph E. Lapp. in a recent 
newspaper article, postulated that a form of lithium or some othes 
light metal might be the main source of energy in the thermonuclear 
reaction. The tritium-deuterium mixture, itself “triggered” by heat 
from a conventional atomic bomb, would be only a trigger for the 
lithium: reaction, 
e 


Italian synchrotrons. A 100-\Mlev unit is now being built in Turin; 
a 1-Beyv machine is being planned for construction near Milan 

ao 
The Atomic Energy Com- 


mission has agreed to lend the Pennsylvania State College uranium 


Another university reactor approved. 
for its already -designed research reactor. It will probably begin oper- 
ation in early (55. For details, see p. 7 
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discovery. of 
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Ernst Henry Krause, superintendent 
the tion division of the Naval 
Resear | ator has been named 
te ector of research He sue- 

F. N. D. Kurie, who has been se- 

1 ts erintending scientist of the 
Laboratory in San 
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Serge A. Korff of New York University 
is been | ted porter tor cosmic 
Research Council 

vy American 

ong program of 

nternational investiga- 


tudies will include meteor- 


raphy terrestial physics, | 


fields in which in- 


ternational cooperation is essential 


MEETINGS 


February 22-25: Industrial Ventilation 
Conference; Michigan State College, 
EastLansing, Mich. Talks and demon- 
strations on the practical aspects of 
entilation engineering, including the 
equipment used for measuring and 
evaluating airflow rates, hood design, 


dust collection, and svstem = design. 


Both general and specific problems will 


be considers 
March 24: Institute of Radio Engineers 


National Convention (NU, Jan. ‘54, 
74 


May 17-19: Radiation Research Soci- | 


ety Annual Meeting; Wade Park 
Manor Hotel and Western Reserve 
University, Cleveland Ohio. A syvm- 


posium onthe role of nuclear damage in | 


radiat nduced cell injurv and death | 
Invited and submitted | 


presented on radiation | 


Information 


A. Edelmann, | 
ol il Laboratory Up- | 


N. ¥ 
June 20-23: American Institute of 
Chemical Engineers’ Conference on 
Nuclear Engineering (NU, Aug. 753, 
64 


July 13-17: Harwell Conference on 
Experimental and Theoretical Nuclear 


Physics (NU, Jan. ’54, p. 77 
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“RADOCON” 


A new roentgen calibrated integrat- 
ing ratemeter with thimble ionization 
chambers for many purposes. 
yNaraceviilolelameaelalice) slim ielam ola-mr tii lale 
and monitoring both rate and total 
roentgen delivery through a thimble ioni 
zation chamber selected for the sensitiv 


ity, energy and intensity to be measured 





PROBE SPECIFICATIONS 


RADIATION TOTAL 
SPECTRUM SENSITIVITY DOSE 
(Kev. effective) RANGES (roentgens) USE 


30 to 400 10-30-100 r/min 1 to 999 X-ray therapy 

30 to 400 100-300-1000 r/min 10-9990 X-ray therapy 

400 to 2000 5000-15000-50000 r/min. 500-499, 500 On telecurie Gamma sources 
20 to 50 100-300-1000 r/min. 10-9990 Low energy therapy 

400 to 2000 1-3-10 r/min 0.1-99.9 Gamma ray sources 

400 to 2000 10-30-100 r/min 1-999 Gamma tay sources 

400 to 2000 100-300-1000 r/min. 10-9990 Gamma fay sources 


30 to 400 10-30-100 r/hr 1-999 Survey in vicinity of X-ray 
machines 


Not Applicable 10-30-100 r/min 10-9990 Beta-Gamma skin dose 


131 131 


1 and AU’ 1-3-10 me. | 
400-2000 0.5-1.5-5 r/min. 0.05-49.95 Gamma ray sources 


Not Applicable Isotope assay 


A variety of ion chambers, not limited 
Toma lalelt Maio olelicli-temeloleha-sm olae) diel memo alel= 
selection for radiation measurement in 
research, diagnosis and therapy, health 
olgeli -LealolaMmryelie) o\-mel tio ams 1eelel ai rols 


faclaligelmelalemellii-temiliek: 


FEATURES 


Rapid measurement continuous 
Taletieelitelaie) Miaeli-melalemeler y= reliability 
with high accuracy flexibility use 

and placement of chambers wide 


selection of energy, intensity and sensitivity 


Write for the specifications of this chamber tube best 


suited to your measurement problem 


bh 


MEDICAL INSTRUMENTS DIVISION 


The Victoreen Instrument Lo 


5806 HOUGH AVENUE ° CLEVELAN[ OHIO 


Wont more information? Use post card insert in this issue 





PRODUCTS ano MATERIALS 


w/ & 
f 
Scintillation Counter Head 


Nuclear Research and Development, 
Inc., 6425 Etzel Ave., St. Louis 14, Mo. 
The SC-44 combination wide vle 


f 


and 


collimated) medical head is an attach- 


ment for the SC-3 scintillation counter 
Quick conversion from a wide-angle 


counter to on hight, collimated counte 


is provided by the round-nose section 
which is attached to the counter by a 
bavonet fitting. The nose section is 
threaded = to 


collimators 


accept am 


rdditional 
to | in f 


Two 


up hore 
Nal 


long 


sizes) ol ervstals 
both | in 


diameters 


with 


Beta-Gamma Monitor 


Jordan Electronic Sales, Inc., 119 E. 
Union St., Pasadena 1, Calif. 
Radector models are avail 
AGB-50-8R ranges of 0.05-50 
hr and 0.05-50 r hr; the AG B-500- 
SR has ranges of 0.5-500 mr hr 
0.5-500 r hi NBS tests are 


have shown it to be substantial 


Two 
ible: the 
has 
mt 
and 
said to 
energy independent between 
Mev, 


ent, and with a 


and 1.3 directionally ind 


] 


battery life of 400 hi 


continuous use without change of 


calibration. 


80 


The instrument, operated 


Want more information? 


hermetically 
shock 
and unaffected by tempera- 


(P-2) 


one-knob control, Is 


sealed, immersion proof 
mounted 


ture, pressure, or humidity. 


Laboratory Mixer 

Mixing Equipment Co., Inc., 135 Mt. 
Read Blvd., Rochester 11, N. Y. The 
Lightnin laboratory mixer is designed 
for fluid 


pension 


mixing, blending, solids 


SUS- 


and gas dispersion. Low- 

scosity fluids can be handled in quan- 
tities up to 50 gal. It clamps onto the 
m of anv vessel and 
The »o-hp motor 


at 1,750 rpm, Total 


adjusts to any 
the 


weight Is 


turns 


te 2 


Electronic Pulse System 


Audio Products Corp., 2101 W. Olive 
Ave., Los Angeles, Calif. The Modu- 
ar System consists of 16 digital pulse 
inits for performing the basic functions 
of digital-pulse operations. A com- 
plete system has capability of 72 
rate functions, with as many as 31 


sepa- 
fune- 
Rach 
(P-4 


tions simultaneously available. 


unit is 234 &K 4'y & 9 in. 


Use post card insert in this issue 





Counting-Rate Meter 


Ekco Electronics Ltd., 
Sea, Essex, England. 


Southend-on- 
The t\ pe N522 


counting-rate meter incorporates an 


input amplifier and built-in’ variable 


high-voltage supply for operating a 


G-M tube preamplifier or scintillation 
countel amplifier ( 


is O- 10.000 pulses rer 


ounting rate 
Time constant 


and deadtime are variable (P-5 


Fluorescent Chemicals 


Pilot Chemicals, Inc., 47 Felton St., 
Waltham 54, Mass. Fluors added to 
the company’s line of fluorescent chem- 

iphenv] 


oxazole, naphthyl 


] 


diphenyl acetylene 


(P-6 


Electronic Counter 

Tracerlab, Inc., 130 High St., Boston 
10, Mass. The SC-41 plug-in, direct- 
reading counter Is ¢ apable ol speeds up 
to 75,000 cps with a 5-usec resolving 
time. The 


scaling 


counter has a 5-tube dee- 


unit with 


ie 


1Q-| 


a self-contained 


ight neon indicator Four con- 
ventional scales-of-two with additional 
the 
to deliver an output pulse and to reset 


10 


circuit connections cause svstem 


atte have been 


» ved 
volts 


Input counts re- 
Input pulse range is 75-100 
negative, with l-usec risetime or 


less 


Output is 100 volts, negative, at 
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P-7 


OoaMmperes 


P-310-AB 
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Oi ie 


Counting System 





Radiation Instrument 
Laboratory, 2337 W. 
36, Wl. The 


Development 
67th St., Chicago 
15 counting svs 


Root 


model 


| with «a Veeder 
Standard | 


lectrie timer 


tes anthi sodium 10 


wen 
other ery Including 
Direct » 
500 and 


stability 


stuls 
vstals. 
gain of 2 
rshoots: 
100 Amplifier 
that 
integral- 
Discrin 
Helipot 


Ininator so 


an 


a ten-turn 


DOO 1,500 volts. negn 


= better than 0.005 for 
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Oscilloscope Timer 


American Electronic Laboratories, Inc., 
641 Arch St., Philadelphia, Pa. The 
Timer enables times measure- 
recurrent or transient phe- 

10 eal- 


ibove the other on 


ding a series ol 
ps, one 
issuming a area ol 
1O-1n 
hor- 


the 


useful 
ola 
the 


he equivalent 
nh is created on 
Sweeps provided by 
5, or 10 msee each, 
msec. be: 


time 
to 0.) 


crys- 

OO] ich of 

ries MArKETS 
O05 


pP-9 


rements 


esented sweep time. 
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Radioactive-Liquid Filter 

Atomic Energy Waste Disposal Serv- 
ice, Box 255, Oakland 4, Calif. The 
Nucleat built-in 
shielding and effluent ho 


Liquid Filter has 
d-up tank and 
whether 


In the 


indicator section to show 
effluent is 
ol 


salt, e.g 


the acidic or bask 


radioactive 
t hie 


euse strongly ionized 
( irtridge 


ol 


. cesium trace! 
decontaminates many thousands 
gallons of liquid wastes; with inactive 


salts equivalent to 100 sodium 
nitrate, it 
dreds 


ppm 


ppm 
hun- 
1.000 


decontaminates many 


of gallons Hlowever, i 


Inactive sults are present the 


Is ol the 


volume de ontamunated order 


of 50 70 val Wa been 


Ni 


sslon prod 


stes that have 

treated include Cs “I Co 
ce'* & ( inal f 

lets ‘prepaid 


If shipping el 
Disposal service spent 


cartridges P-10 


Atmosphere-Control Cabinet 

Package Materials Laboratories, Inc., 
Dept. FM-3, 461 Crescent Rd., Hat- 
boro, Pa. The 15-C] 


control cabinet is des 


atmosphere 
ore ad for 


thin the 


Mois- 
{ 


limits o 
relative 


ture-\ testing W 


200° | 


apo 
20° KF to with a 


ard insert in this iss 


se 


Ist, to slightly unde 


humidity ol 
100°%. The 


with 


orderes 
ele 


controls P-1 1 


unit PAN be 


conventional of 


equipped 
tronic 


Integrating Ratemeter 
Victoreen Instrument Co., 5806 Hough 
Ave., Cleveland 3, Ohio. Thie 
mensures mb roent 
Che 


10 kev, | 


model 
Radocon vers 
both rate and total 


575 
stand 


gag , 


dose 
ard probe 
total dose in 
of 1-1001 

and 0-100 
energies up to 2 Mev; 


eovers 
1-1 
min in ranges of 0 

Other 


and intensities 
10. 0-30 


steps 
chambers eovel 
ay all 


1.000 


probes are 


and intensities 
and than those ot 


porate \ ( ilple 
the 


able for total dose 
times higher lowe! 
standard 


On) ft 


the up to 
to the 


P-12 


prob 


long connects 


control unit 


Radiation Monitor 

Measurement Engineering Ltd., Arn- 
Ontario, Canada. This si 
radiation survey insti ent 
designed by the Chalk River L 
and Flight 
National 
Two matched detector units 
of RCA photo 


light-coupled through s 


81 


prior, 


borne ull Wiis 
poora- 
tories Researe|] Section of 
the 


Ca 


Research Couneil of 
nada 
5S19 


are comprised 


multipliers 


| 





NUCLEAR MOMENTS 


By NORMAN F. RAMSEY | 

Ha - oving rapid fluctuations from the 

This 1 e only book ! ! ‘ t photomu tiple! (Optimum 
that cover of ruc nomet f } Ras I 
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w hose 


out puts 
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Counting 
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nuclear physies, chemistry and 


Dec., 1953, 169 pages, $5.00 


MICROWAVE 
SPECTROSCOPY 


By WALTER GORDY, 
Duke Uy 


WILLIAM V. SMITH, 
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book provides 
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structure md to n 
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Darkroom Insert Tank 


Bar-Ray Products, Inc., 209 25th St., 
Brooklyn 32, N. Y. 


anv Bar 


pectra. Ine 
cussion oof microwave pectrose 
to the study of the struct 

ing, nuclear moment ete, Fa 


on molecular 


ure 


These insert tanks 


“Ra hiaster 


and interpretation o ; 
! a 
pertinent formulas and conver e@ hung on 


means Of a specail stauinless- 


1953, 446 pages, illus., $8.00 wank 0} 


EXPERIMENTAL 
NUCLEAR PHYSICS 


and Il 
Edited by EMILIO SEGRI 


( 


Volumes | 


University 


Ih york as the result 

on the part of a group 

tists, each an authority 

zed field. The first 

truly sienifieant fact vn 

thoritative interpretation of mod 
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hould be sutheren 

up to date on the main 


physic Volume II no 


nuclear physic 


howraphy 


$15 
$12.C 


Vol. |, 
Vol. Ul, 


THEORETICAL NUCLEAR PHYSICS 


Uy ge. \ 


1953, 789 pages, 275 illus 
1953, 600 pages, 152 illus 


Blatt 
M.1.7 
1952, 864 pages, $12.50 


sseeee MAIL FOR FREE EXAMINATION ->>-->; 


JOHN WILEY & SONS, INC : 
440 Fourth Avenue, New York 16, N. Y 
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Gamma-Ray Fluoroscope 
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Radioactive Products, Inc., 443 W. 
Detroit 26, Mich. T! 


oscope, designed ndus 
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a % 
OPTICAL SYSTEMS 


INDUSTRIAL 
PERISCOPES 





7; KOLLMORGEN y, 


| 
| 
| 





DESIGN 
DEVELOPMENT 
MANUFACTURE 








For nearly half a century Koll- 
morgen has designed, developed 
and manufactured precision op- 
tics and optical systems for in- 
dustry and the military. 


We have the engineering “know- 
how”, the design personnel and 
the manufacturing capacity to 
help you solve your optical 
problem. 


KOLEMNORGEN @ 
alical corror aver 


347 King Street « Northampton, Mass. 
New York Office 
30 Church Street 
New York 7, N.Y. 


Plant 
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i diameter and | em long 
7 ft high and weighs 4,500 | RAPID ELECTRIC 
ree is contained ina steel- 
‘ictstatsnn fl SELENIUM RECTIFIERS 
1 2 in. thick The opera- 


whoa lead-glass window 


i 





ted 45 deg; when the piece 


ned is in place on the work 


perator pulls an exposure —_ FOR GENERAL 
tracts a shutter under the ; POWER NEEDS 

ce, and a shadowgraph is RAPID Floor Models 
e operator. Radioactive ; | © High Efficiency 

ises out the fluoroscope and 7 : e Single-knob Controls FOR LABORATORY 
t and replace the youre : . ® Built in Protective Circuits POWER 
eases — rey tarot RAPID Bench Model 


® No Maintenance 

© Completely Self-Contained 

® Portable 

® Continuously Variable 
Controls 

© Full Metering 

® No Maintenance 


Rapid Electric Co. makes 
Selenium Rectifiers in sizes 
from 10 to 10,000 amps. DC 
output at desired voltages. 








ENGINEERING SERVICE 
Our engineering department is available for consultation on any 
application of Direct Current Power Supplies. Avail yourself of 
this professional service without obligation, 


*. ” 
: THE NAMEPLATE THAT MEANS PAleté Prt ou f 
Automatic Scaler oo 


Beck Inst ts, Inc., Berkel -) “3 

pete rete, te = — RAPID ELECTRIC COMPANY 

Richmond, Calif. The model 2200 2895 Middletown Roud * New Yo Y. * Phone: Talmadge 8-220( 
ealing unit consists of an 


se-height discriminator, an 





ealing channel with l-psec 
se resolution, mechanical reg- é ire 
ock, and automatic control , : # ° ee é DOLLY 
figtrcer atest ‘=<. |SCOP MODEL 1 
: nnel has 4 plug-in Ry . ® Convenient Height and ® Lightweight Aluminum 
units Count. indi- f _ Viewing Angle Construction 
reading Maximum ® Recommended by Labora- 


| 
| 
| 
| 
| 
Adjustable to Hold Port 
s LOO DOO) sec \ —e> ; able Scopes tories Wherever Used | 
| 
| 


ent register is used and , t $38 50 
, i ‘ Ball Bearing Swivel Rub . 


made for driving an ex- ber Tired Casters F. O. B. Louisville, Ky 
n parallel with the registe 


redetermined count, and 


vous" || 8 | TECHNICAL SERVICE CORP. 


reset P-16 1404 West Market Street 














MOVING? 


If you are moving (or have moved), tell us about it, won't 
you? Your copies of NUCLEONICS will not follow you un- 
less we have your new address immediately. Make sure 
you don’t miss a single important issue . . . and help us 
Photoelectric Controls make the correction as speedily as possible by giving us 
Haledy Electronics Co., 57 William your old address, too 

St., New York 5, N.Y. These photo- Oo 

electi ontrols, utilizing cold-cathode N UCLE Nd ics 

med to eliminate complex Circulation Dept 


igh-voltage power sup 330 W. 42nd St., New York 36, N. Y. 


\ precision lens svstem and a 
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Here's 


Hane d oon 


new automat 

proven CITC 

corporating the latest er 

advances. The Model 1&3 unt- 

O-Matic” accurately counts the | Oscilloscope Converter 

from a G-M or scintill Computer Control Co., 106 Concord 
measures the Ave., Belmont 78, Mass. The moc 


beam conversiol 


pulses 
detector 
lime required to accumulat 


determined number of these pulses a 
use Wit! 
é 


and 514 oseilloseop 
the oscilloscope 


and supplies 500 to 2500 volts for aan 
diz 

the detector 
rsion 
The instrument can be used as a 


single-bean 


normal 
conventional scaler with the count- vith the converte: 
ing time manually controlled by the 

operator, O1 exclusive Count-O- 


Matic” 
permit’ 21 


and scale selector controls 
predetermit 

settings from 40 to 256,000 counts 
In addition, the counting time ¢ 
be preset for periods ranging 

2 seconds to 60 minutes by th 
of Model Tl Dual Tims 
scaler will then indic 
ber of disintegrations rece 


ing this time interval 
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RESISTANCE VALUES up to 
100 Million Megohms! 


RPC Type H, High Megohm 
Resistors are particularly useful in 
applications where resistances of the 
highest quality are required. 
Eminently suited for electrometer 
circuits, radiation equipment, 
photo-cell circuits and high resistance 
standards in measuring 

equipment. Advanced design. 


* 
cal 





High stability carbon coating 
on non-hygroscopic steatite 

rod. Can be soldered into 
circuit or mounted on a panel 
or standoff insulator. Standard 
resistance tolerance 10°;. Closer 
tolerances available. 


Write for additional information. 





Type = Length ~ Min. 
HBF i 
HBM 1%" 
HBR 3°° 





“5 meg. | . 
10 meg. 
20 meg. 


Resistance | 

| Mox. | Max. Voltege 
3,500 

| 7,500 
15,000 


5 million meg. 
| 50 million meg. 
100 million meg. 








RESISTANCE 


714 RACE STREET 


MAKERS OF RESISTORS—HIGH MEGOHM, HIGH VOLTAGE, HIGH FREQUENCY, PRECISION WIRE WOUND 


Propucts Co. 


HARRISBURG, PENNA. 
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FREE TECHNICAL REPORT 





CARBOLOY. HEVIMET FOR 
RADIOACTIVE SCREENING 


Get the 
Carboloy 
shield for 


Hevimet provides 40% 


latest technical 


information on 
Hevimet —the ideal tungsten 
radioactive screening. 

more gamma ray 


protection than lead. The technical report 
contains radiation comparison charts for 
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strength. Applications include 
radioactive materials, 
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| CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11130 E. 8 Mile Ave., Detroit 32, Michigan 


Send me a free copy of new Hevimet Technical Report RV-3. 
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CATALOG TODAY! 


“Over 1200 tube fittings 
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Why LAMBDA laboratory power 
supplies are among the most 


RACK MODEL 28 
Standard rack mounting. 
Panel size 54" x 19°’. 
Weight 16 Ibs. 


SPECIFICATIONS: 


Input: 105-125 Volts AC, 50-60 
cycles, 120 watts. 


DC Output: Continuously variable 
from 200 to 325 Volts DC regu- 
lated from 0 to 100 ma max. Either 
postive or negative side of supply 
may be grounded. 


DC Voltage Regulation: Output 
constant to better than 1% for 
loads from zero to full load and 
line voltage variations from 105 to 
125 volts. 


Noise and Ripple Output: Less than 
10 millivolts rms for above ratings. 


AC Output: 6.3 Volts AC at 3A 
unregulated. 


ALSO AVAILABLE NOW: 
Model 28-M, with voltmeter 
and milliammeter. 











A copy of this quick-read- 
ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
paper and tips on how to 
read more profitably. Write 
for the ‘WHY and HOW 
booklet.” 


McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 


Wont more information ® post cord insert th 


FREQUENTLY 
RECOMMENDED 


Lambda power supplies are made by 
engineers who pioneered in 

this field and have continued to 
specialize in it. Used by many 

of the country’s leading laboratories, 
Lambda units are recommended 

by them for value, versatility and 
dependable performance. Models 

for many purposes. Conservatively 
rated, constructed for long, 
trouble-free service, priced 
moderately. Fully guaranteed. 


LAMBDA 
ELECTRONICS CORP. 
103-02 NORTHERN BOULEVARD 
CORONA 68, NEW YORK 


SEND FOR NEW CATALOG. Comprehensive, 
authoritative, up-to-the-minute. An important 
addition to your power supply reference library. 





WHERE 
To Buy 








Larger Sizes Now Available 
Hi-D* LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls 

*Trademark 


PENBERTHY INSTRUMENT CO. 


666-8 Adams St Seattle 8, Wo 











TO ORDER-ANY QUANTITY 
Samples promptly submitted 
Ld A complete Engineering and Mtg. Service 
Will design and make TRANS 
~*~ FORMERS —Audio, Power, High Volt., et 
‘ COILS—HF, Synchro, Spec Purpose, etc 


Transformer Div TRANSVISION, INC. « NEW ROCHELLE NY 


4 ge Wet 
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ATOMIC’S differential 
pulse height analyzers 


6) CHANNEL 


differential pulse height analyzer 
MODEL 520 


e Many units already delivered 
55566908 e Simultaneous pulse height measurements reduce operat 
oo0e99 9 : 


50990990000 data 


Ing time of expensive equipment used to produce 
Saves man hours of skilled scientific personnel 


Rapid taking 


corrections 


of isotope spectrum data eliminates decay 


Twenty fixed adjacent channels cover 
Hy Aevany caceas 
The 20 fixed channels of the Model 520 move as 


channel at any value between zero and 


10 volt spectrum 


a pro e.” 

olts thus divi ling 
120 cl nnels and s nin patat « In addition to these 
‘Total Count” and “Surp shu: s Count” channels. All 22 

reset from one push ontrol. Write for fuil details 


SPECIFICATIONS 


Its at Pulse Sx 


scalers and regist 
} 


Full range: 0-( rter input 


Channel widtl 0 fixed, adjacent channels 
teu ‘ }> } 


SINGLE CHANNEL 


differential pulse height analyzer 


veral hundred already in operation 


helical potentiometers for precision ad 
of channel setting and channel width 


width variable, 


satile 


MODEL 510 
SPECIFICATIONS 


Full range: 0-100 volts 
f Channel Width: 0-7 volts 
a line amplifier and a Scaler) Output: Nee 


zero to 7 volts 


for studies of energy distribution 
by helical potentior 
car parti les (used with by helical potentiometer 


oeree ey itive voltage, variable to 20 volts 


Atomic’s up-to-date catalog on Linear Ampli 
fiers, Scalers, Coincidence Analyzers and Pi Is 
Height Analyzers is now available. For yout 
copy request Catalog 54-2 


only those input pulses falling | 
h to the output to be 
helow selected levels are 


ATOMIC= INSTRUMENT 
COMPANY 


84 MASSACHUSETTS AVE. CAMBRIDGE 39, MASS. 


s throug 





SALES REPRESENTATIVES 
RON MERRITT COMPANY — Seattle, Washington 
PACKARD INSTRUMENT CO. — P.O. Box 428, LaGrange, III. 
KITTLESON COMPANY — Los Angeles 46, California 
woe 4,4 — Son Francisco, California — Albuquerque, 


H. E. RANSFORD. tO. — 2601 Grant Bidg., Pittsburgh 19, Po. 








Linear Amplifiers, Scalers, High Voltage Supplies, Scintillation Counters, 
Count Rate Meters, Coincidence and Anticoincidence Instruments, 
Differential Pulse Height analyzers, Accessories. 


Want more information 


W. A. BROWN & ASSOC. — Sionendie., Virginia 
Branch ar: — in Southeastern U.S. 
Tampa, Flo. — Greenville, S. C. 
CANADIAN "MARCONI, LTD. — Montreal, P. 9., Canada 
Branch Office — Toronto, Ont., Canada 











approximate maximum sensitivities 


VOLTAGE SENSITIVITY 


1 x 10-6 volts 
3 x 10-6 volts 


New 


CURRENT SENSITIVITY 


8 x 10-12 amp 
2.5 x 10-11 amp 


recorder 


for high impedance circuits 


NEW MODEL of the ElectroniK instrument 
A now makes it possible to record data 
from high impedance sources without re- 
sorting to external pre-amplifiers. It can 
measure voltages originating in sources with 
impedances ranging from 0 to 50,000 ohms 
without appreciable change in sensitivity, 
damping or speed. 


Because of its high input impedance, the 
instrument can be applied to voltage meas- 
urements with negligible loading effect on 
the source. It is also applicable to current 
measurements in conjunction with photo- 
cells, spectographs and similar devices. 


The recorder is supplied with pen speed of 
24, 12, 4!) or 2 seconds, for spans down to 


NNEAP OLS 


WOME TWELL 


BROWN 


Honeywe 


INSTRUMENTS 


2 mv. The amplifier can be used separately 
in many high impedance servo systems. 


Excellent stray rejection, meeting the most 
stringent specifications, is incorporated in 
the new circuit. Stray a-c voltages, equal to 
full scale span for the 2-second model and up 
to 10 times the span for the 24-second model, 
are rejected with no appreciable loss in in- 
strument sensitivity. 


Your nearby Honeywell sales engineer will 
be glad to discuss your applications . . . and 
he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Aves., Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Instrumentation Data Sheet No. 10.0-14. 
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Want more information? 


Use post card insert in this issue. 





